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: Ju«JJ < 4-Lje.Loj 4JT (jyicj Jla^cjO <0ju<-) (jr u V (j^a (jyic a^LcoJIj ^\l ,^,tlj <<>Jl».j 4JJ Jui^>il 

^ifi. ejjLaJI 4-)jjJ,l 4-ilLaJI jjlj^=JI Jj-AGJ ^,'igll <_<Jjjl!lj ^,'iiitl ^jl«"lt LaLtll 4 1 11 1 iijJJ j^yL^uJ 
CjL^>-j1LI A^ejjj aLoTlA^I ljufc (jGGj C(JjW«JI (jjj-i-u £_ aj^jlil 4_tl^ilj 4_tlaJlj A_lL5jJI L-djLlajJI <JJi-ii 
0.ijlj-« (jyic Lul J J-<VL t J (J^al^— 1 ".a (jlsj ■^W'dl J^**- 1 ^ o~*-a 4r ' . ■ '^ <^r^' (j-kj-^ ''- )L * 2jL£ (jjJ (j-a 2 JjJt^oJI 
(jjju Ji^i't : (_g j .aJ Ii .il aJl^jJI 4 l-rf *_£.} ^_ LaJtS j\j a" 1 n zl (J^-l (j-« (jLaJ^flj /«JL«JLi tcI i aJjl 4_)Lji ajJS cr^-J 

.LuiLu-a ^LajLSlU JjjJI i_al i^-it, (jIL»j <dJI 

<LajJilU 4jJjjJI ujjLstlll *_a Jj-fljJ 4_uL>ij| 2jlai>. wufcLUI jjjlajj pjo i^-i"t <LaL»JI Sjlj^M ("iV-c-t. JiJSj 
43l t^a-uaixJ 4^1 ^zaj Jj^aJI Jjj-"" oLHaiLa (jr ^=L>J <£jJ^«- 4.LaJLe, i^JLui] Jj]3j < ijjjjJuJI ^al^l *l_b iL. 
2j_t^=jJI JIUj i^JJI 4jiUaJI 4jigll j_uL»JJ jIJlcJ pjj_<iu3 '£— AjU-^-tl cjui, C-JilaJ JiJ9j ( 4jI Alalia ^yL-bJ 
i3_a-<-u (_p-4J Lu^a^ajo (jL>J J^^— ■* : "' (jr Ll LgjLli ^-J-^^' JlaIaj jl <4_ujjj2!l *_alj-JI *l_b IL. 4-li-uL-u^I 
i£jl\ ^^JUaJI *J9l_aJI J-a 4_uj±*JI ^jJjJI (3^'j^ ^P*^ (^r 1 ^' VdJ^'j er^' fOjIt'lt iabJI 4 minjllj JaaJI 
j"'^~~ >l cridj^ J^^hf-^ 4JLal^-i"ua ajJa-b 4jLg_L!l ^_ (jLjtUI oJJt, r-jjjejj (JjulII t 3j-'- u i ~ j ' jl^ 1 "'* 1 «Liijj2J 
.4_ujjLjj2I 4jLALaILa J^"-" '£— 4_l*J9|j j"'^-— Ij (Jj^aJI 3,9 i uj 1^1 iVitl 

4_ilajJI CjLI^-iU ^-LlJI 1^— ij <L^a-ua /<u-o^ ^jJaJt -i'j-11 jL iT l > -J 4_ujjJljJI 4 nii-stl oJJt (JjLjjJj 

.(j^ii^iVitl I jijj 4LajMJI CjIjL^II ujI ih"^ 1 -)! 4-uLi^3 JjLuj ^^a^p. Cj Lcj-iis j-« 

^C «uJI jj^a (J^aG 4_ujjjJi!l 4_i ; l5^>JI tfjub (XuJlJ (j^ * ' '*'"' (jr^J /tALoLI j iaiaja p J a taul 4vaL«jl 2jl Jiflj 
i Jl-i 2 »" 1 1 ^^a _aJ->iJ ''-"■•■'" < ijl i nLi i 4vaj^UI 4jjjjj i>.'l CjljL^il (J-llo G ^_ ^.jIuLl>s J^— > ■"■ ) p j ■ ■■" jjl (^^J 

.cjIjI^JLI ojuk <_il i,u^-i\ 4_JLi£. (<uij3 ^pJI Jl^-i miVIj cjIrtjjU'tL 4JL»l^VLij 
(_t-Lre.a ;> jqi ii «Lil :<>L»-is^j^ «Lu»ij Li I j* a q^Jul2lumX\j LbjIjLcl (_yic (j , ^-a- 1 '-2j' (3^-^ O' (JG-u-i 'UjIj 



w_(iLiJLl j_^a-Lajj < J i LaallJ 4_aL*JI Bjl^VI 






. _i!_9_H jLTlvL j i -> 2j U i ^«" j^— N (j ' " "»-" ' "j fU-*]l I job ^j^ ^jju»JLi IjljJ jl <_Ll2j 

4_<ji|jJj p*i gj Jl^JLl jLjUkl (jl : J-&J lJijjjlLJI I Jl^j Lg-Lu x_«^>JI (j^— i oj <Ujl rila L_ojjL»j «JlC dJLLfb 
(j_C CjULuj CjLo^Lvo £-*^- (jisjJu 4-LmJLJjJI jljJkl (jyifi lO^J (j^J' (^rtl'U j^tCJ 4<il"U) iiiljej.1 CjLLsjiJI 

..iljil tfjy! 4j^auJL^=uJ,l (^l^kll 

jl (J_^=laJ (_P-I'j ajLJJ 4_i^=i-uL^=i-d,l ^^IjJkJI (_^Ji£. Jj t^ajJI j_a> <_3JLjJI (jl l_Ll cyuTu < kjjJLJJl I job (jx 
A_l>-jL>. ^J-Zl Lg-tijJU JlJ£. (<Uj_a j_i£.J ^J-") <Lu-uJlL1I ->'j-U CjL^j 1,-Vn 4 Vi njJLl L ys\js>^\ tilt LgJLl I— £j-£ 
. I ifej tg.j Intjt-.t I 1 4 <\l i^.tl t S \\l i^.tl 1 c- j , ^ -L 1 1 jLgjsJ i J Mill 4-ajLLa : J <i ifuJ ( _ys\jJ>J\ o'jjbj 
: l(jia ujLajj/I 2 Jul! 1 o (j a J- p - V 4 j^^ j<1 ^-i jt,l ( _j^sIjJkJI <LSjjl>s j! 
( , ~ \ I A , ,-» I j I I aii JUa j_a Jj^-»-".n ) S^Jl^U,' i"il A.^L^ll CjL^TlLU 4-SjUa^a (_£Jua <ii3^j<_a ~ 1 

.((J-q-^-Ll A^ajLiLa (_j^i3l) p^o i aUll j i il » a ^-^3 ~ ' 

.( ajjIj^JI oUJU! Jia) a^j^I ^Ijl! t^k. ^j^J (^1 cjLUJI p^S - V 



t^^ U (J! aj^uJlIjJI jljil pjxirt^ £ 

: J! ^,,.rtMj Metallic Materials l^j^ ^ ( I 
Ferrous Metals ^j^ j^l^ - \ 
.(Cast IroiDj^jJl jjj^j (Steel) ...i.^tij (Wrought Iron) gjLUJti jjj^ji jia 
: J\ p,„ ^j « Non Ferrous Metals ajjjj^ j^ j.>Lu» - Y 
Heavy Metals 4JL23 jjL^ ( I 
Nickel J^intlj Copper ^u^l Jia 
Light metals ll^ j^l^ ( c_s 
Magnisium ^..n^Uj Aluminium ^uVl Jia 
Soft Metals 4^ ^Lm ( ^ 
.Tin jjju^lHIj Lead ^LajJl jia 
: j\ p,„ ^j Non metallic materials ^j^ ^ j,^ ( c_, 
construction metals *Lb jl^a - ) 

. UJ^kJIj UjLio-^/lj (j-o-L^JIj C^Uu^l Jia 
.(j-JLillj tiaLLailj 1 '\yt h^LjJI ,JiLa : ,_£jj>.j jlj^a — Y 






: UnitS A-^.LuUl^l-L^jJI 

. ( _ ;r lta I jj LaLi Lu-uJilife a^ ^—tl 
^Ltia I^Jl^I (jl-S lLUJlJ 1 (jiijjju (J_i-aLij (j\j\^2l\-i 1 (j i >> t j j 4_Lajjj_a A_uLjj_LflJlj <Lu-uJlI-JI (<ULail (jVj 

Primary ) o^L-Vl jLuVl ^ „ , ,m U I jufcj <d^= ^LJI ^L^j ^^v L^l^= jj^ : - ( 1m..m )Ll« 



i^iiiJi ^l^i c 



u,L-VI jLu^UL 



3 ^lJI ^ all Ja\-i L«l (Dimension 
.(Secondary Dimension) 



British Unit 


SI Unit 


Symbol 


JutJI 

Dimension 


Ibm 


Kg 


M 


4±L^=JI 

Mass 


Ft 


M 


L 


j^kil 
Length 


Sec 


Sec 


t. 


Time 


F 


K,C 


T 


Temperature 






gLDl 



4^=^ 



u,Lu,Vl jLuVl ol j^-j ^ l£\ Jl^-j 4. . 



: L}j| Ji^jj 4J>Jl^I> -iLsu^l ( <_i 

j 4_j_jJliiII jLij^I (jLa LSjI uj ^— ^ 1 0^— 



Sj^aJI 

SI Unit 


Symbol 


Dimension 


N= (kg m/Sec 2 ) 


F 


s^l 


m/sec 


V 


icj^JI 


Pa=(N/m 2 ) 


P 


J^l 


m 2 


A 


4^ UJll 



•fiUH 

V^poUjl^l^^lSjLUJc^^lcjIjLpiVl^^iJI IJl^^oj^o :L5tJLIciljLi».VI:Vjl 

.4-*j|jJI SJl^jJI Jl JjVl SJo-jJI (j-a LljLu *U-U-u ^1 CjIjLj2>.VI ^j -li>M 2j-a L>al JlsbIiJ (j^-xij 

j ^^, , f |f> }j ; j: -^tl 8 si J] , aX "I oljl : -^VI j a ftjitl |jub^_oj^o V :iitm^CiljL2i.VI:LSlS 

.L^i-aUJ! JjLvaJI 4- LJjLD fCi-Lm ^l CjIjLI^VI ^j .jLl^VI <j-d *L>uVI Juu SJiLM ojui. J Jl^LlJ 

: Mhtl^ jj^-^-- <-iLjj (>j <_p.II 4-i T La--^JLI ll»_Lm2j (jLa ,»jJij U ^^Li *l_b 

. jljll jLl>-l rfJLsJ LaLc LajJLa <_>£. «Li3 ^-jJu»JI pj : J44AJ — ^ 

Tensile Test sAl\ jLs».I : JjVl sj^aJI - Y 

Compression Test ,u;,mi jLi^l t^liui sj^yi - r 

Impact Test ^ ju^ii jLi^I rjuiiii sj^yi - £ 

Hardness Tests i£L^l\ jLpi.1 : i^ljJl sj^.yi - o 

:J*JSuj^>ljyi^oljL^VI:iui-UJUjL».jJ|- 1 

X-Ray Test 4m,,,ti **_iVl jL^l ( \ 

Ultrasonic Test ^Lua^Jl 3^ ^U-jIl jLsi.1 ( Y 

Magnetic Test 4i,„iUl;;t,l oljL3».VI ( r 

.^ji-f oljLliJ ( 1 




■ovinl[) lliii)iillq.^icill pilnill nnlnllniiiinr|Qll 

jALUl jJ^jj pW) lULalt 3>btfl 






il>tljbl*l 



jLtiJI jLl!L>. 








JufuJI jLiTl>-I (jr Ll ajljoJI 4j>-j.}j-uG £3^ta _ i 

jl£JI >Luil *I>*V a^UJ! >Ui.VI 3 







4 j-S^aJj jl j'^VI *lj-^-l ^jj uJ Ij laj Lljj ui 4_j3^LiVI CjIjLiTl-w^I j "'^— I <j^a Jl^oJI j LiTl>- I j-p-tJ 

. j i n^-itl (jyJ^*- j li uaJI (j^a (jy ^>iJjJiJ J^— i ilij Ljjj2ta 1 Q^jla (j_a 1 (j"i j m Julj 
Jl^»- : Jla 4-u-uJiijJI jljjJJ A.i^a.uL^a-J.I (j^sljiJI ^jLj-iJ JlAII jLiTl>-I ^1 4.liu LlI? I CjLLloIjJU pfc»«* J Ti i uJ 

jU^j 4-ajLia ^ ua^l (Yield stress) ^ l^ji ^L-^j « (Proportional Limit) v ,„uui 
. s jL^yi ojui, IL. U^V ^ ^j^>Jl JjLum Ua Uj^j (Ultimate tensile stress) 

Stress & strain 5 JLMJVIjil^VI 

:jg« ( »> j J ^i.irtM jj4.j (N/m ) jl (Pa) ji^-i.nL ^ 
( o ) Engineering stress ^ju^I jI**.VI - 1 

. JlAJI JjJs 4j j^tuJ, I A^Lioil ^1 ^4 LJLa^?l LulLUlI ^LJll ^Lc F ly>l\ i*,,'* Jj^>U- j_a> 



1.1 



( o Tr ) True stress ^^^ jL^i - r 

>*ljJ9 SiajJ Ajj uls*X\ i>.LjJtl (_gl (Aj) 4-LLt-U LtlaJfclll » USt I 4jwL.u.a ^yltL F lj2l\ 4 a , „~"\ Jj-aL>- jAj 

a r ,.=- 1.2 

4 












^» 






•3. 



: Strain jUiiVI ( M 

Jl lIUJl^s p 1 u 2 Ljj . Lfetlg ^t j-^yi j/' 1 " ^?ri-" (jr-L^-Li j-_i<3 (_ya lAxM C-iJ^-J L« 4JL> JLtiJ^I <-£j-*i 

:(e) Engineering Strain ^ayi jUi^l - 1 

cdJjJ .(£ ) 4-Luti! ^yJLaVl JjIaJI ^^ JlAJI s-Ija <j-a <luti! 4JL3UJI ( AL) SJLtalmVI 4 <i 1 »> J^sU- jjfcj 

Dimensionless <d sa»j V 4iL J^ at b^v jt ( m / m ) c^» JL«iVl sa».j ^la 



AL 



1.3 



: ( 8 ) True Strain^SiS-Kil JU^VI - r 



s = ln(-^-) 1.4 

Z 

: ( E) Young's Modulus jJjj <>L^ ( ^ 

.Pa ju==l^l 2 jcwj 4J9 
£ = ^ 1.5 



yljVISjb-^l 



, ur 



JLiJIjLu^-l iljiljLu^l 






.^ 1.6 



AL = L f -L n 1.7 







t (j| g-~IM ) n ) 4jL)L_a]l AjjLlil (jjfl 


L 


1.8 


jt 


L 


1.9 





: Jb U^= e^J^V I JUiiVI IujUi ^rtjrt^tl JUiiVI e_sL^ LJLUI aJjUJII jUoJ (j^-.oU t >^ tiljjj 



1.10 



: 4JL 0,Y) ^j itaUJtl 4- U^-»<-aj^. 4JUa ( cr^) ^^a^JI -iL^>U wJJL dU j^a 

F 

cr r = — 
A, 

jL^>.VI £s>«-oj (jr LuL>J1 -sL^VI (_)LmjJ » jjJls- £a}Lc. rlULml j^oU ^ cGLa i LJllII <-«|jU^.t| $-LjL 

FA 111 

OV = — X — -- 1.11 

A, A 
a Tr =ax^- 1.12 

4 






aj Milt I 4_2la-La £_ tiiljj ^L^lII /«jjej>JI (^gjl i nj ( J Mill (Jj^) (jr !La 2I /<sj»j>JI (jLa cduLj 4_Ll*]I (<^=->- (jl L*j 

: j^Jl ojj^ JjS ^1 Homogenous deformation ^L^m 
v =v f 1.13 

: > J a la 1 1 ^_ » la 2 1 , 1 <La»l 1 u a « sj-iis (Jo^sL*. ^j_ifc a 1 1 ^ U , , , V I /«-3ej>- 

A L =A f L f 1.14 

A = ^Z 1.15 

a Tr =a(^-) 1.16 

a Tr =cr(e + l) 1.17 

tjj-a N^~- Jl»jI .(<s-a^ * Y LjJ^ls tc-h^I ^"o. Lfeilg JtAJI jLiTl>-I *lj-»-j f«J f«-«^ * * ^yJLa^l LjJ^ls 4-Lm : Jl!uJ 

: J*JI 
L =\00mm L f =\02mm 



AL _ L f -L Q _ 102-100 _ 0Q2 (l 

" Z Z " 100 



-^> = 1nf— 1 = 0.0198 ( V 



f = In(^) = ln(^l) = 0.0198 
V 100 



£ = ln(e + 1) = ln(0.02 + 1) = 0.0198 







1 j --l'<* -il^JJ liJJj Sjt-txLaJ Lt-u i^jj2*<\\ i _ / ^ 1 — _."!" ...VI JlAII JjU*. j-uG Ccjvj 1 j^jl... iL. ilP^' caLiio 

jj*.^ y jUiiVij jL^vi <J j S6 ia jLuj ^i (jjUii ^jtj : ( Ductile Metals ) <JLk* £pLu» - ' 
u (^ (jroakiXl (jrtj <2kiaj ( Plastic Zone ) ajjjJ iakiaj ( Elastic Zone ) ijj^a sau;* 
j i n^-i ti ojjl>. (j^a lj jjj^j i>j^uj (jjj-iuso jLi<j-> l o^—i <( Yield Zone ) $■ j i ^ -> 1 1 4 rtVi<<n ^ <> < u3 

.( Neck ) j^ji jl i£jS\ jj^-; jtu: LdJj^j 

jL^vi <J j S6 i 8 jLuj jail ,>smi tr^j :( Semi Ductile Metals) ihU« * l^ ^L*-* - m 

. Ls-jjisj ,JJ9 1 4_jJ9j (jj^-»"n jLla-i till Jl^=j ilaj-ujILa <jj_ilij LJ Cj J^kJ 1 o^— > 

c_^Ld a2s}Lc y j^jj v 3 g^a. ukia y j^jj V jail yA : ( Brittle Metals ) ^.^ cpL*-« - £ 

Oj^ilo L^j CjJljsoj 1 njri" i na 1 \n~*. (J-ujJj (_pLa i t-i -^ ^c ajLxC 4jjIJlJ Jl2« (^yl^tiiLa (JLtoj^lj jL^>-^(l jj-^ 1 
JufuJl ,_£jJ9 Jjjj^jj V ijLua2JI tj-iLtl,! (jl i! ( ijJSj 1 j^a jj^auJ V Lj^= ^jj-VI ->ljlL> iJjLLa I Jlj>- j-l*-^ 

.Jj£=>\ J^=lAj LtaJLuaJI ,_£jJ3 J-a-jeTiJ JjLU.1 'L. Ifli^-it 

l^ ^c jjJi! ju^vi l^ j^ ( Super Plastic ) ^jjjji ljLc ^^^ ji^ii L> ^ j^jj u^= 





















/TV ^* 
/ ' \ 

/ / 
/ / 

1 i 






i'.oir Jw«» 

(v) 








/ 








JUi'Vl 







ojLa- Ji dll^^UI Jla ^^il 4-JLc. oJiLa- g 2LU« i ^.^'. ; \\ g- i_j 







.(JLtflJzlj " j**- * ' i^ L=e ^ ua (j<ni) (—L^-La ^_ <_luj Jl*j /qjj/^3 J i ii 1 1 jLiTl>-I i^ya 4.a-"i i" uA,\ Cjl«.|jJijl 

t/ylg. J-LI^3 J^— I MM J-»VL t J l_3jj_u (JLtflJ^lj jL^>.2l (jy l3e_La J^-l l"l 

U a i ii j La Ijufcj (jy JLa2l 1 j » ■ a j Jl 4-LutJI J)j au i u Lj-lC (JjwkJI x_3j /<u <Ujj_U 4-ala-La £_ 4_Ll*]I JtJu Jtlc 

. ) ,V J^— I ("ill ^_ TClislj Jjfc 1 Q^-> .(jj-U OJ-ifulILl 







p^.^" , „ 1 1 1 U» -L 1 1 ^j£_ 3jLlc fjJti <u^JLl 4 2 la * a : l ,T J^~* '"• 
ilaj.) 4 juilUa ^Jj>ll 4_iLa_La 2_ Jl»A*iVlj \1 j->-^l 4^^Lc jj^ 1 — " lLLuj Ij-tioJ I j <j-}L»-U '£- 4J| .ti.^V 

Jla) i5>i-l ^Ulajf 4_j iVo aJjLU! 4. U^-, Young Modulus jjjj JaU^ Q5JL2 ^ ^j (^pi^a 

.SJaj-U ilLala 4- (f^alcu-a ilaj. Jlaj V 4J9>L»J1) JUii'^l »_a Llaj. cluiLuj V JiL^^I ((JjI jJLII 

Juu (jr JLa^M 1 g * 1 a j J J _}_o*3 (jJ i_3o-i-u) jjJ Oj^fuJ LjJ Ji^i^jj <Ujj-U "-^ fl-iUI JjLjcjj jb^-^/l »jLjj *_a 

.(j-f»JJ "^ 4-Ll»JI (<^*->-) f-la-HI 4->.L_u_a IL. (jL^a-dJj (4JI Vi" 1 n^l) J_aIaJI IL. «jLjj *_a ( J-a^>JI Jljj 

Lj>jtJ£. jj^" ^jJIj (Neck) 4j1jJ| jj^-"" LaJlI^ij uLP^' j**^ ^JaJiJ J! J"""' cr^ aJU^JI aJJt ajj 

.4 Viiiitl ijjuii ^_ 4_Ll * 1? j 1 11^— 1 t l Jj-ajso LfcJuLJj Q^= » <1J La (Jjsi 4-Ll a II * Vi ii t, I <L>-L_u^a 

(j-txLall L^aljLJeTLi-ul *^^ al (]>cj 2jUI ojufe jj^l 4.a-iS CliLa^aita 1 ■ - ;^ < _' 2jLa ^^ Jl.A'.VIj \1 j->-^l L 

.4 Ijl-i a 4_uJuta oLt (jyJliLa (JU-ajlj -iL^>-J (^yi j e-La (j^-ii ) ,i J^— 1 i"i .(j-u*- (_y 







IJlA i^ya Lga»lj **■" i •■! Jj ^- — ' o ' ^jjlj 4 -i j I , I Cj La aJ-t-l I ^j^» ' (-r-Lc i— 3jjl.'lIJ I * I saj» ) *_« ^-Lre-LU I JlA ^.Ltivj Lie.} 

jl^v)?! £a>U o^=»j Lajj^ ^pJlj jL^^j UjS ^j-sS! ^a : (Proportional Limit) ^^Lidl j^. - ^ 

J^_ .'r.tl £_ 1 n ^_ (A) ilailll Jto£. oJlA J'^-^" (/*uuilu_u^a tlaa.) ^Laj. 4Js}Lc JLtoJ^Li 

fub *>i3 ciJLiA J-ua-^o V da>j sjUI (jjc j-iJa-o jL^J (jr ^isl j^j : (Elastic Limit) iUjjJtl jl*. - Y 

.J^-.,t,tl ^ U^= (B) SUSitl .J^>J| J|_j3 j^ 
j\ jjJil jUi:vi ^ <_1f<^i Laj-^ ^ ^i iiasui tyA : (Yield strength) g^iJI jL^i - r 

((jjJLII Oj-iuTlU 2jUI LaaULs <_L-».lj-a _>»-T (_P-4J 4-iltaLa (Jj SU^*< Oj^J ^yA J~«^l f^'j 4-J (j^' Jl»A*iVI 

.J^i.t,tl 4- U£=(C) 4J^5JJI .( jl^VI sjL) ojJ^ Jbjj JL^^I ij! 

A-t^a-uL^SL-dl (_>*ajl uaJJl £yi i_u^L>. j-»l»J (_£JJI jAj (_yjjl fjJ^z^- jL^j-lj (Jjji^elll £g.j mi^-i jLli^VI 

.(jJULA J^-— ! J '♦"'"' V ijjLj ijJijS (jl jl (jJutaU 

Ljj L> oJ j^^j ^±>l\ a^u^u. Ljj ^i ^mi ^^ju j^j3 :( Proof Stress) jU.Ml jL^i - £ 

4- (jJi*Jtl <LajLiLa ( ]yi j-l<-l! ^ j-«-j (jr Ll Jj.^^-tl ~jJb lLUJJ <UajJ,l 4-u^L>- Ljj (jV I j lajj t pjjiai*. <2Jala 
iJjjJLl Jl>. 4- <-ajLail ><*> (jl o '^>H jL^-l (jl (^1 ) .(jl oiMI -il-^Li -il^j-Vl IJiA (jr <^ u j5 iJjjJLl Jl3- 

.( pa 1 ^- a. ^ ala I ^ LJ ^j "jlj 4_i^jJ,l <Ul3L> LJ ^jJJI (jjL«-<3-Lj 
A^t^uLli *$ kl\U~,a\ LglLq-'vJ *l_ul jLpi-VI 4«ti^l 4- ^ jJlJ> ^ lS'^ jL^-^l 4JL (jl <MI JlL^S-l t-SjJUJ 

' U " -^ U,^ 3 (j"* 3 < * _1 3- < ^ 4 1 i.ii ill LJlij (jLj-U 4Tl»3-l^ JljJuso ajjjjis (jl tJaJI jL^>-l j ^-— > N JulC (_cl^_i tiJJjJ 
J^ali (j-a / * ,0 j / ♦ , ^ c j-u (jl <i )>itl ^1-4^1 (j^H^ (* Jl ^" 1 ' "" Cr^' SjjinLij^UI 4JI Wi 1 uVI i^jS rjljJJ \_J_I L^.^ 

(jy L^>Vl » UStl 4js>l_LiuJ /(jLj-iiaJI Jxi» = (jl n uaJl jlg-s-j 

Jl»A*iVI j_a^ta ( _ ;r Ll »lU.tl 4j 1 inLu^UI ^tlU~, ,„VI JlJJlJJO /<UJ (<U-ujJI (^^ (jL*jUaJI ^1-4^1 JjJl^cIIj 

4- (JL*-flJ^(lj jL^>-^(l (^yl r e-La £_a /<\jii"i 1 nt,l 1 Vi->1I I JlA x-LsLujj i_ < 1 iiLlL?I it-i->t j'j-^ f^J^" ' " " iiai>- (<u-uj rfU 
J^— > iqJI (j^a 7t_iislj jA I -i^-— ' ; 'J Ha U (jLauiaJI ^l-4>-l jA 4Ja2l!l tiilll (JjLSJLI jL^>-^(l (jj ^— > j£ AJjjta 4-La2J 

1.4 



JL*J!jLu£l 
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1 



ouunn 



woa 



Oq 



Increasing length of gaige section 
Decreasing cross-sectional area 




^LiLiia^a 2 >U w ^"'" JLnaJlj JiL^a-l cr btla (u) 

gj^Jl jiL^-I -C ^>jjil J^- -B <_^lJl!l a^. - A 







sjUI ^U",.m j*». ^i-aSV ^Lai i^sji j^, : (Ultimate Tensile Stress) juiU jL^I ^a] - o 

*_LaJiXI 4->-l i n a (_yic 4" o i n^j J i iill jLiTl>.I (J^L>- (J-a-»- i- l^3| 4_a_i3 Jl>-I_i L^jLma. ^j^-— » i I .Lj^ta 4J L a ^ o 

. (U J^=uUI ^ D iL^LLlI) <uLu,Vl 



Ju3 5la2lll ojufc ,Jj1 4-Ll<JI (jV liiljj p-uj-i^slll Cllol ui> IL. sjLc AjLgr'iirij ^? jl^j-^l I jufc jl dUks-^La *_a 
LijIj Lb^iuJ aj u "n i_3j_i_u 4_Ll * ]I (jLa 4_LaJii!l <>Ju4> ^J\ (Jjj^ajJI JulaS <_lUj Jl <LaLcisl ./<ulj iJj^uJ LJ J uaa. 

■(_, <^>Vl JL^J-VI (j-a Jaf jL^j-l ^Ijiiel^Li 

4jL^^ o^-tgj *ja>ii <>l*-« Igjlr jilaj u jl jjjj <>u^ : (Young's Modulus) jjjj ,>Ux - o 

p^" i •■ a Jaj. 4-l2 (j^o^au (_£jJlj ^--Lre-LU ^j-* 3 u_9^' O^? 1 ^ %r (_W^ ' ' a3 * l3dj-^ (j^ L ^"i_3 (*-'- u w H' (* ' J^tLuj u 

. VO p^j JliUJll 2_ Lai= (SJj^JLl A^kla 4_) 

ajU.1 4-ajLla ^^4 ( StlffneSS ) 2 Al ,^tlj 4Jjj_U JijJu*. 4- ^^U ^'\t ,^t (jjjLuLa jjjj J^sU-a Jl*jj 
4_a_iJ3 CsJ>lj I -i 1 ^' 1 * .( JlAII J^i^ >fiLj Coo atlU", ,„\l t SjUI 4_ajl_La (^f ) JLa^-VI j-uLj Coo J <=z ■'■" U 
4- U^-> (2jUI 4j}L<3 CjjIj U1^-> ^| )<jj_a -iL$».J 4-a-jS ^V jjJ.1 JUiJ^I 4-a-ja Ctla UI^-> iojj <_LaL«-a 
j.. it l-i .'a p i ^ , ,V, 1 1 4_lLi£. p ^— »-<- ' La (oljoLLaJI 4 s e La. I /Jii-a) 4_uLiio! CiLoj-ilaj sJlC clULLffca V^ \ *—- - uA \ 

.(Stiffness) is%^\ ^Uj^= Jj d^ sjU! 2jS 
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Strain 



LJ *-Joj (J^aLta i_a}tji>.L) -ilj-U A-i^Lca Tciisjj J^— 1S1 : \ ,0 J^-— i!ii 



«Jl>.Ij 4.a_LS ( J-ijJ (J^aLta (_^i )£jj)j_U ^ 2 La * a £_ (JLuiJ^Mj jl^>-^(l (jy l3e_La (Jj^a jji (j"^ V*l (<^J J^-— uJ\ 
■- ' iajj I i^~~* L$-> j_j^3L>Jl *-Ja-> (J-«L*-« ajLa J^— > ] «Lil i>t.-L>. -S13-U i—S^Ll^-u ' a '"' >«j f->_3-> (J-aL*-a jjl (j-L>- ^_ 









y r ig*u, CJ tj&tyjs^ «&. 



Heat tretfid, \/ L ^W^T.-^J., 




0.002 0.004 0006 0000 0-010 .0.012 
Strain, in. per in. jul^>>i 



STRESS- STRAIN OlAGRAMS FOR WRCUb S^EElS 



( ili^itl jj-a A^Jlita f-ljJV JLtoJ^lj jL^^I Cjl_ilx_La : ^ ,"\ J^-i m. 











000* o.oot 



Ordinary slfain 






juc jLiiVij jU^VI e^btU ^Lai J^ j^c sjLt ^j (Initial tangent modulus) jjVl ^UUl 
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Strain £ _^. cJUi^jWi 






(Resilience) a^^jJI - \ 
ju£. L^jjiio (jl ^jul^jli (j^-»«ij (ji5l (Energy) £aLLaJL « juUI J^^*. j-^fc g>] (jjuJLI i^^^j ^Us 

<J-U3J»l!L) JjJlaI.1 Jiu,itl — AJsLlaJI <L*jj3 (_£? — 4-i£._^jJI t_gjl i n"j t itaii£ <Uj)jJ,| JijJl>. IL. 4_u^L>. ^Jb 

X&jjl\ ->jJ^ 4- OsLLj-^=l ^1) c_^Ln!l ji*. ^^ AJLLal^l ol jo.)/ 

iicj^y/ = -J*JI x <JLLlu,yi =-FAL \ \\ 

2 2 



» lilS/ 



aj ^ iJLL^MJ ,.,,,,,11 J^>JI <j^ ^jj 

.(- 1 1 uLZLlI Jl>- ■ ," i ~*- ) '* ' •"*' (j-« Ll>iJjJlJ -i'-ij- 1 

l_£l) SJI Laj ■ ..Vlj Jji^til ^LuJI (jy .beJ.U jj^o rtjrVi i nU i La jh 1 1 CcJvJ ct-Jflll <L>-1 i u a (_gjl i uj 4_i£.^>.jJI (jl ^1 

. ( ^ A) («-9j J^—i )"itl (j-a (j-ulb 1 o^—i (<Ujj_U 4 rtV-wa 









gUil 



^1 2>^i.l <1ul!I (^^ ^ ^M. rta a^ui^-jJI ^Lu (Modulus of Resilience) i^^-jJl <>L^ 



Modulus of resilience 
Modulus of resilience 
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juaJL^* 


<su*y^JLrU» r . n i^... 


Strtm 


Modulus of r«siii*nc* 




■r 





oJi*il U**-.>» c^ 1 S2U«]| o^ 1 b 1 ^ <^ (Hyper-elastic resilience) iij^i j^ 3^ ^^>!1 Uf 

AJsLLJI £>£. 2jl_i£. (_yAa <Uj)>U JL>- 3.3^ (J^a^e T LlLl JjJljII ,JiAII (j-a *j^ (jr^J J-lM' <J*»JI ^'jj J**i 

J^stU cr^ 1 <jj*Ui <^*s a^ujiLi ^L^j (Recoverable energy) j*^ ^1 ^ i>l>3jX\ 

jjjx-al! l5J'j-1' LLaoJLj I tiaJ I J iJjjJLI 4-ala-U (jy .beJ.U Jaj» L5j'jJ ' ^ ••*■.' 2-ijJoJkl <L>-1 i u-U (j^J a tl U." , „Vlj 








Strain - 



cJUllpi 



RESILIENCE IN TERMS OF. STRESS- 
STRAIN DIAGRAM. -»•'• 



:(Toughness);umi- r 

(Jj^kJI Jji^tll (JJulaII ^jju^21\ LajLail (j£. Jo*3 j i n^-i tl (jyJ^. J_i!uJL) (JJulII (Jjji^tl) <UjJljJU AJsLLaJI (jl 
(j-o Jjj_J,l (JiAJI icjji^ta £>£, sjL^l iSLLaJI ojufcj . Jufol! JLaJ-l <j-a *3Li!l a Jo-ail 4-ajLiI.I (_£i i _ / ^ L - .Lai LjjJI 
^gl j im^-tJI (_pa- J-a^>JI I JLjJ aJLLHI SJUalmVI 4- (jU^JI fj-a-^a l5J^^ iS^ j-ui^=aJ\ ,J}a. spjJtl JLa^VI 



(Modulus of Toughness) zw j 



. uT.au 



uj^lj (Jjirtil ^LuJI (jy .beJ.U (jyJ^*- 4-3-1 i nU ;_gjl i uJ 



LajLla >~D'^ Ul^= i»-L-Jtl fljufc <_Tj _i i J»3 ' ' -i 1 ^' 1 * 0,M) J^=lAII (j-a lTLuj U-^= JUii'^lj jL^MJ 

. aJ/^iU iajLU.1 ^| L^aLxaLbjJI JUa->U <jJuJ.I 
AJLLaluiVI X ( Ja^ (_,<^t + ^j-l^JI Ja^ ) ♦ ,0 = a^LUI 
4-LljJI (0-=ta- /(StlU",„VI X ( (Jajs- (^y^a^l + ^^-^11 J^a-*- ) *,0) = 4JLUI J^sUa 







High-carbon st*e« J 




St ram—. cJuiiX* 



Suaio— <iA*-i>^«« 



TOUGHNESS t* T£RMS OF AREA UNDO* STRESS . STRAW 
DIAGRAM. 



: (Hysterics) l^ui - r 
^yij&iU (jLa (Reloaded) LuIj J^^*. *& J-*^! I j-* Jjji ^5 u2 jt - a J-*^ *Jj>il JL> - 3.3^ o J ~*- A Jl ^-^ M 
(jrtjijtla u^ia^ Cr° ^Jj^-"* (Loop) 2jjj> ^^ oLp-'^' 0^*1 4- i5>^ ^ JUiJ^lj jL4^!MJ (^L^l 

( O Y) J^-i Mill (j-a dr>JJJ 1 0^—1 (^fJlj ^4^-1 («J (J-La^eTL?! Jjjl lil jLl»IL^= Ju»Jj ^i2lluia Jai. <j-a ^Jlj) 
N ^^ (jyije-t-a (j-« ajjjJI <>ju4> <Ji»-l.i "jj "•***■ U 4j>-1 1 nU (jj^~~ '"j .<LuiLjtlJI sjjjJL) sjjjJI lLUj ^ a 1 nlj 
(Jjji^elJI SjLlJ /<u J-<^>il <UljJ (j-a 2 Jl>-Ij SjjJ 4-=*^ fl-SjiirtU — /ojej>JI a Jl>-_^I — AJsLLaJI £jc 2jLj£. JUrt'WIj 
4-uJud.l j-lC. -iljil ^j^«.' 4- I usjI 2j_ibLIaJI ojufc Jl>-j3 I -i^-— «j|>»- 4-iiA ( _ ;r Ll jj^ 1 — " aJaiail SalUtl ojufcj . 

.JaLU! Jla 








iHh*i 



Soft rubber 




*n-U^i 






^ Clil i^-iLUj CiUl fr\s&\ IL. ^LajViuill ajLaU LbjL»-ljj i_£J^a £Sjjl>s AjJba IJl»- <Li^a 4_uiljej]l Sj-fcllij 
i> Jja-ILU I SalUtl ^ 4 n ^—lj"tl 2j|j^>J| A^tjjj 2jUI «jlj->- ^>-J-i 4r LlLjjjl '- ■ J ' "J L^A^J (jj ^•■- L> ' 'L' 3 ^ 
JJ3 U-a 4-t^=L-uL^=L-J,l SjUl (_)^>l_ai^ ^i^. j^JJ ijjl\ J-aVl I J ^=> frj J-L*rslJI 4-Jljjj <J-La^el]l <j-a jlja'niLl 

:( Strength) ixjUJtl- £ 

:^j-GJL>- Jl J i ill I ^JJulXI <Laa.lJLa p i ■■ 2 *" 

(Elastic strength) ^ 3J l\ j^ IL. j^ljI LajLia - \ 

t_gjl i nlj L$j pjjJai>. S-Sla-La -Sa^»-J f-a AJajJU Lu-aLi- LJ <_^jJI (j-iL*_al! tillja < f- j i a -•- II -SL^».J igjl i u3 (j^J 
•Pj '■^'^ <L2la_La L$j J^-JJ 2j <Uaj_U <Lu^L>. LJ <_pJI (jjLtaJL! (jLa-»iaJI -iLg->-J 

F F 

Elastic strength = — — or = -^- \, \x 

A A 

-iL^J (_£l) ^,-vn usj!\ A&>- y £\ c>-f*^ pj-i -->"t| JLa^.1 IL. (jj-a si j-«-j ^ L<aJa| (_£i LaaLaJJ lLUj -*Jlst"i< ula 

t^jJ! (factor of safety) ^L»Vl JaL»-a J^. ^UiMl j,l^J jl g^^tl jL^J 4q,„s t< LdJij (Jjj.tr.tl 

.(ajJjJ^JI jjL»J,l 4- ^ cPU 3 - Uj'^" l "j grjir i ^-it I Jl>.I_»JI (j-a jj£=>\ (jLaVI <_LaLta £*-»£) ^oi^itl Lk.5JL>o 




Jl^ljLu*! 



(Ultimate Tensile strength) : ( jl£JI ;UjLl«) j^jj ^j.^ti i Jaj [2i\ - y 

l_£l (j^>j *" "i U « LaJLaU 4-lLlo ^1 <L>-1 i nU (jyic La_o-<_aiLa J Mill i-Ltfl 4J O-iij-ti (_£Jl!I Jj^kJI ^jl 1 uJ (j^J 



L4JI .ti.^\ljj .A-LmJUyJI JLi£.^l '2— lLUJJ 4^&-uJ <j-}L»i,l jLll-Uj <j-}L»i,l AJjLiLa '£— OjjUUI lLUj 4-^-iS JtJ-aJJ 
* Vi 7) t, I (j£. Ijj"i^— 1 (J-Sj (_P=»J t" i n U *_LaJiU (j! cL-L>» ShViU (jjLt«JLI <LuLuL>JI ^j 1 ^1 2 1 1 LajLail <Ji<-<j-i 2 
(Jil<l-a J-fC. Jt^aJJ ^J l^-iritl 4-ajl rtfllt (JV^'j LiL)L-u 1—1 j m>U Jt^fall -iL^->-j (J-t A J La-fl ^-^J ^J CjJlJJOJ (jjJ-'-a 21 
(j^/L^^I ( _ ;r JL-l 4jj mjJll ^j.^Stl JuaJI LsjUls jj^~- "* a 4-fl^a2JI <j-}L»-U aJL»- IL. Lai .4_!L>JI aiXyl LaLjJ 
4 o j ri 1 zl — j i n^-ill Jtlc j. _ l <T ij V (_paj t"i i n U «_La2il (j2 (jjutcl! ^j i ^-i ii 1 1 LajLoil LaLo-i <JiU-i j_^=Jdl 
i_3^L>iJ j i "^-— » 1 1 (J^^>- ^ i •■* ' j-ifc ^ <^3 2 1 (JjwJ I (j I I -i ^-— > (_y-u^5 V I t _paj *" i n 1, 1 x La-SJ, I ^j^. — LJ 1 <i fl»l ^j^— > 1 ' 

: (Ductility) V^^ 1 _ ° 
j I (%Elongation) iJLUi^MJ aj^I l^I ^jL^kj j^iJl JU^I jJite c^»J o-^ 1 ^^-^ a* 1 - 23 
^Ij^^i^Li LiiJi o3^=di (%Reduction of Area) ^jVm.11 gUstl a^l^ II. O os;n i^Jii uJI 

: (_£l (J^/LlIII J^ls J J 4-ij.i.u-La j m^-itl Juu aJI V-Ti i n^U AJjUl 4 j (.(i ill (^r&J : 4J1 V-Tmi^U AjjUI 4j uiUI — \ 

%Elongation = 1 oo x — \, y o 

%Elongation = 1 oo x -^ — - 1 . y 6 

=Max strain x 100 1.27 

4JI Vi"i 11 z I 4.<vLa (Jjj-ls (j^- aJI V">" 1 ii^MJ (JjjjxJLI (^LuJI (^ylse-UI (j^a 3j_iIuLj^a (jjLiil A-lIjViq 4 AJjLiLa /j ^— i qjj 
4 u ua V I 4_>. Lljj-I, I / Jl 4_i a_(jj_La w-o^aJl JmJ n Lllv jf 1 4 1 lC x-La-2-^ ^ >.! 1 'i a g ^ J^ ^ * u^aV 4Ja-u,l 4 lcu-II I - Jt 




Jl^ljLu*! 



%Reduction of area = — — f - x 100 1 .28 

A 

: "Hydraulic Machine" i^jtj^juAjL^l cjLl^=U - \ 

: "screw Gear" <_J$i% ^jUl oli jL^.1 cj1_l^=u - y 
Hydraulic Machine ISuS^juaII ^LuSUI - ) 

SjjjJLl JLa^-}U (_>j trill 4^=jj»jII (j-ulj-II 4^=sjj>- (j^-»tj 4^=jj»2d (JjJ^lj 4jjlii (j-ulj 4 M^-iLU OjtjJ Jl>-JJ 
.CjJJJu /y '—^ -i 1 aj J ^ r ' I i La_» tJaJI 4ja-i.ul aj ,jj^~~ '"' 3^-lI^JIi CjLLulII /ylc 

*j^>JI 4jl>3 *_2j_ij (j " '^~* V ' 7-^J-i^ A lf~~ '- _2J '- f A-S&juaJLI a ■ il *j j^~~*'' j_a3_a-U (Jj + '"'" i <-^3-J' ' * ' "" ' j^ a _j 
LLaijLa ji ^'.;^-— 1 II (j-a C^jL\JI *j^>JI LT^J ' L -4J 4jAII jLiTl>-VI AjtlaJa ( _ ;r Ll I Jufu (-^u-j^ ^ V^~- 1 U (j-a liJjjtlU 
Oj}JI iViii^i (JiJJ jLpi».^?l 4_*laJ3 (jr Ll JJJ-U J-a^*-!' (jj/Li2Jj .oM-Cl sJaix_aJLl jLjIi«-VI liW* C;r Li *l_L>ol j] 
(jl JaJI i ia J I ljuk 4-je-LLl ,jj^~~ 'JJ "oj-lx-usi \Sj^-' a J ' ' Lri *J3- i - u '- a ** ' J.' ** J ' ' ' -^ 4 -?'_9^' (J- 1 ' ' " " 
^j 4"^— ij->- (J-2Jj i^JlII (JjJljJJ (jylc. (j "J^~i t,\— 1 3j_iIuLp3 J i ,-w t, I Ji j .a_ t .ll j_)J_i_5 tllljiJ L*jJ (j nj^— I t,l -i!j_»jj 
J^— ifuJI -L. I -i^-— j Lilt-. VI 4______a ( _ ;r Ll *-Sl_aJI J-«->-!l jljJLa lT^^J ^J- 1 -* p" Leila ^^^JLc _i!j_3e-b ^jJI j-ijll 

4--jJI ;_JlC £>__, ^IJJ OjjJI sjjJi 4- *^' 0-° ---Lei.--. -i>»-J O^ "^ jLp^-^l CjI M^-»La 4- Lli^}La .Ut 
oLcllaJI Jjis 4_Lla-tj aLlIII AJLt^allj ?->L-al ^1 *l>a-l Jir l.ai lLUJJj Igjlf <_L^>J ^jJI CjUIj^JI IL. 
'.'""" '^Jl? ^"-^ O' 1 -"^' ' J' (JjJlIjJI f Iji jl (_)2j j-uJu (j^~» <1J 4JI i t^^-^ij 1 o^— > . (J-ii )""itl (J^a CjJl>-j (jl 4_ul^jJI 
^'.;^-— 1 1 ,1 4^jj 4 tin ,Ja^- (j-a 1 ''^— qj I jufej JjJl^>JI (J^iil Lt-u 4J i_3jlj^3 J^-Lj rjjJ.1 (Jj/LlHI j-uJu lLUJ 
?-j|^jj ^j 'J^~- (JLa^-Ll j-uLlLI SJljP-jJI 4 Iji hjJI (jyJfcj jLlL>»^I AJLJa^ 4-Lo^eTiJ (j| j^— > ^| ' (^JlII (Jj^^eJLI 4jjj/l_La 







x( Screw Testing Machine )^i)lj^jtflulJIuSUI - y 

oJJt, '£- dljjx!tX\ (JjjIjJI (jl I -i g-Lu Jjj^' O' ^1 ^d>*" (J J* ""it I (3i>^ (J-"-^Jj *'j-^^' (J-"-^J 4-Lj^aUI oJl-J 

. Motor 

J*uu /<Ci-l2 i_l!j_^m jjjjIjJI <_Luj_^L) (»_9-2-i <Jj_jJlJ (_£Jul (_J^JJI l£jj^>iJ ^jj^jJI ljufcj ^jjj^jJI ^-ijJuj i_l!^j»Jkl j^J-^-i 

.4-Ll»JI i Vit i^ jl 

Jl£.1 iiiJ I jufcj (jr^l £-^J <4- L^-*-">J AjlsIjJI (jljjl (jr Ll J-q-<-J tl!jj»jj ( i^-ilj ,J2j AjlsIjJI flji <_^l£. tiJjJ^JJJ 




Hydraulic testing machine twjj^j^-i'l ^ 








cij 



.jjj^ji j^T 4. Jo ♦-.,„- :Measuring Weight ^L^JI (jljjl - ^ 

AjjjJII jLjIi^l 4tU^ ( _ ;r Ll jiijj (^ JlII J-a^>JI ^o'j-" 4r (J a * ^"'" J -J^-**"^' CjI n^-iLa (j-a J^^= 4r r > ^ r " ' "" 

^t-.j do>J rjJ^ i^JlJI (_k>^l f Ijj^l t^ 1 ^J- 56 ^ ^^ <_P" ^ *j.' AjJi^Vl S.aljlt j^.^Stl fljJJ! (j-a 

■ 1 Jrt'^l Ltiisj Jl>-Gj Jj^ljJU L)j-^ LaJ-tC LiUjj Sj-J/L^a j Lla .^1 4 tti^ (jr^- J-iJ-^ <J-a^>-!1 ^ h ! - 3 

(jl IL. aJLI ( ,itl il^IaJI (^ S^Utl cjuj, jllUjj JjjtlJI J^ 1 — ui 4jl3|jJ| 1 $j* Jl>-G i^j-^-1 4-2j>t3 l±!I_L4>j 

LTLjJJ LuLalj OJuso JjJtlJI «-2jj-L '£- AJjI^il (j| ^_>. IL. J-a^>JI <4j'>t (J^II lLL^so ^J\ rll>j ej^>.VI 
AjlsIj J^— i i"i (jyic. ajLc (JjJlIjJI (jl it^^-^ijj .sj-iluL^a ,J_aj>JI TTjJua (jj/LuLa (jyic ciJjjaijj (_£Jl!I j-ilujJU 

.aJjCh-q 4.0-La oli JL2jI_i ; jjj^-— ?! JL*3-^I iJjl>« j^-— »j (^>- <-£llij aj^=j^3 

t^^-ljtjjjl-^jl It-lilMI — i 

. <Uajj| jl «.Lcj £—. QMOJLSeji (J-iLuj (-r^- (J-a-*"' I Jl^j^j_uL!1II ^j^a £i31_dl JaJI uaJ I ^jj/LlSJ (_)-«^>- (_£l (j-ul_iJ9 ^j^-— » i ) 







I «U ^j^-— » i ' Jjj-ijJL^a (JjLuj Lg-i x-iis^jj^ (_ 7 -ujIj T-^^ ^- ' 



>-j 4_)^oj-iI ^j£. SjLlC 3^fc_J t^ILajJi 



:ui ( I 



(_)jL<m 4_i^oj-i2| py_ijjj (j-UJ (_£Jul (JjusJ I ^j_(j G £ya 4-dg. *_J9^aJl JaJI uaJ I jjjl^j i>L.-l>iJ (j-L*-a ^j" i u a J I «_ajj_i 
4 t-t j > njtl (JLa^-VI (j-"LiS (jr^ 1 J ' ^i" Sj ^LajjLU (Jl ml i ul (j| TciisljJI (^-aj .(JjL_uJI 4_JJ <J-»^ i^ 1 -^' ^gj" * no 1 1 
■(J-il i nil (_ylc ^J$Jtl (J-a^vJI 4.q-l3 (j a 2 *" 4jl2Ij a I Jljt" i nU^-t^al (JLaJ- I jjjjLlSJ 4j1 q t" i ul j^soj 
*l_b>o^?l A^iii j] C^Li^suftuJl <j-"LiJ9 IL. l<jUf AjjJaJj .AJsLLaJI (J^LlSJ oLc a JlJt" i uJ tCjj^p^a-aLbjJI ( (_> 
jj^a ,jLc^aJ J o t" i n j -ilj-U jLiTl>-I CjLLt^aLa £_j .(J-a^-JI jjjG ^^TpJ dlA' (* ' "T 1 ^ <4- t - J ^ J>i i lS~^ 
(^yic *JsljJI (J-aJ^e- U j_J/Li,l (JjjLlSJI 4~v~i i nl^aJ (j ^—i ojj L^— t^-uj LJlj-J^ i a ^-= r " < "J La-<kjL>. liCjI^Laj^aLbjJI 



jLu^VI <LuSL»J Alull J*»JJ Couj 3jJa 

.(1.^ J^-i mi) 4_Lul!I fojj J^-imiJ J-La^el!l 4JL>J Uj3 4 h^-iUL SjjjsbJLI 4-<-UlJI CllU 

.4_Li*ji cmimI ol^=L^a j| "Wedge Grips" ajj^u. oLi>L^= ^ j^u-j : j^lji jLi^I ;ul>. a. ( f 



r_O^I OS SiULI i 

",pj>M - . - *J 



□= c^ Dr=i 



oJa— i V V.-*;:— * *iV 






j . . .. 1 i4 4_LutJ J ^— ui - I : V \ J ^— .':. 
4_^L2J| oLiuJJ oLL^I ^!>il - ^ 







Overall " ^^-.tl j^kJIj "Gauge length" ^Litl j^wi Hjjl* ^ ji^vi juc Li^j ^jji 
juij^l 4^ c-.cL.qjyj (^^ai ajjj=i!I *i>^i juu ojjc^ ^l stiu-..,.yi j\jjLa ciijjLi (^Lv tiUjj "Length 

. StreSS .iL^*-^! i— il i n~>- » jWi i n I (_,^~»t 4-Ll * ]I * liria <L>-Lji^a £Sjjt_a 1 i o (j j Liajlj jtrsiii 

(jl ^mj ^l J**JI ^jua j^L ^yJLc <>^Jl oW 4- "Accurate" ^Liisj, ii^Uil cas^^ C^ v^> ~^ 
(j^aj lj^j J^ 1 ^»jS <>a / \ ^£. J23 ^lJI "Errors" *LL*».Vl ^ jjU=ni q^=^uj 3Ja^=UI <^ >ij3 

. X-.o^ Jaf 

j.ll<j (Jj*y ' "" ^j^—* a * (_£l i Sj i * • al\ (JLaj- V I ^_^_<JlIjI (jLu ,j' ^-— ■ a * <u_uL_il>. 4 * - ;^~~'' II ^j^-—*" (j! c_oij - Y 

.J-«^>JI aUjS ,j-a X ♦ ,0 Sjjta J-«^>JI 4- 

.jj>-VI dlill (j-a a Jl>-Ij 4-aliVmil ^i^. I j ^-i ap.a 4 m^-iLU ^^-i'^ ^ <J^= (jj'^~ l J (j' V^ ~ ^ 

<>a LiUi j_iij V ^^ LluU. ciJj^HI j| ^jH^I j| jljJjJL 4m^-,UU ciJj^UI lLUU ^^j VI t_^o " i 

.Oj^iseX\ 4_L»j«JI ^i^. 4j JJjII J-*^JI iJL>- 

.4_Ll*_« <LC^_i_u JjJl>- ^_ ,jj^~~ » ' tjlj 'LtS p^~~ ' "»"'' ^j*—- » i >9 1 -i laj * a (J-a^vJ Li ^-u LL1 1 ,Jj^~~ » ' (jl (— cjxj — 

wjLjJ I|_j Jjji^elll (j-a liUi jjJj "^ (jr^ sJlJJlAJI Cj I j I yj-tb^ I (j-a 4_lIL>. 4 m^->L1I (jj^-i~ (jl C-cJvj - *\ 

.oljLLiiVI 




S^^jJjJI jL^VIj ^yLt^jJI jL^yi i_a^c - ) 

<^tru = ( ^(e+l) :4-uVi a^uii^-m,,.! - Y 

Lf=L (e+l) :a-uVi a>U]i £ -M,,,i - r 



^j^— > i ' (J-*3- ^ <^t Jl>-jI .CjLjjL*. *-3j-! «Lal JiitL-ul -iljJ A^ * 4-J^iaj *u-u^ <>j_LaJ9 0^^*-° Lh* ' *^ ' " ~~ ^ 

young's modulus jjjj <>l^ jl LJLl s ^y ^ cajLki^l i*j£ jjj3 <jl q^j, <u^j <±\LJ3 

$100 GPa^^ 



.a JjrtU CjLajjmi f -ia- > - 4_JLc (j-^>J '-*-"' jL iT l > - Z <JL»-d-> 21J -}Lg-»-^n ((^lius) (jy -<J*_La (<u-ujl ~ 

Ductility V^^ 1 :»-fl^. <fu*jJI fljuki^L- 1 

Resilience a^^jky 



SAi^lDuctility iAjU« ..,,.. -J .^ 

j-laJS CjI j Ljjlj-»- jJWI (^gj-LaJI (_JLaJI (j-a aJj^s 4 j , nLjla 4-LmLiS jLiTl>-I S.Ua ^j^, J^ j Lilt*. I j-a- i ~ *V 
t^ VI (. 1 1 n^-l t jjL>iil /<u-ujJI 4r J 5 - 1 ^^' J-* <Jl t-i" i ii^Ij (Jju»JI (jy i=e_La (jL^aj /*s_« A ^j^. Cn -u.a 



(E) j_ijj J*U*- ) 

( Oyup ) ^Vl £J^\ ^j" Y 

( CT y i ) <^Vl £^*k]l jL^I - Y 

( C^UTS ' iCj .^Stl J Mitl LajLLa - t 

( a f )j,„^-itl -iL^I - o 

(R) i-j^l - 1 

a^^jJIj^- V 

(T)iitai- a 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 






il>tljLu?-( 



iV>* ts>)\ jLiIL^I 










:4Mrfl 



JaJi i ia 1 1 jLiTl>-I ^j^a i_3Jtjjl 4^j_*_a 










*jJ_l_uj juJI jLir>.V 4_llll___ SJU- VI j_> La jjji.1 J-a^>JI oUoV aj^oIILi .U:,^tl jLpj.1 j! 

ji Lfc^ttj uj! mi^-VIj SjL?ej>JIj ^jLjjJkJI Jius 4_uj_i,| j-t_ jIjII cX*^—! <_luL_/L__) _ — « iMI jLl_»-I «jLc 

jL^j-J c>4t*3 J^— aj aJLl— JJ -il_ail 4- Mila— — — « l— Jl IL. 41l_— ^L_— -dl i_uj_i,| -iljil (j-ol^ai. (jLu (^jJu 
i La —3 Lr^*^ ** a u— — tl -iljJU Lot t l— JLl— J I jLll>-I aIj__lluLi <Uj)jJJ jjLta i_Uj__>j *H>^' ^V^^J-^J frg-uajj I 
xl<jj _A^lj <_u_.i £— >— J s.LL_cV ?_lLi_> j_t_ lL__l_JI jL l— > »l (Ja a j i ^j1\ (_Laljj_l (_>^aJLJ J^-JJ .l— _ i^-ilt 4_ajL_U 
4 )l -i^— » ) -il^oJU (_^_>l^>- tjLj-i 4- «_— iLli /yic J-aTLt-i ,_La-t.a jLll>-1__> jl .il^aJLl (J_a^2 jLll>-1__> ^Lal J_r" i nl ^j^a 

: (jyjI-J La <_Lalj_]l <>J_b (j-aj 
.a^_L__U 4_jj_l /yic. l^*^***- Uj^o^ta I^j-lSLj Lk— « ' -~- 1 1 (JjWiJ ^j-<3 QJ I AJa-t-Lg — I 

.ju_!L> ,_Lu^^L> ^jLaL ,U;,ML> Ju^-clU 4n,„;tl "Unstable" ^IjjVI ^j^ aJU - Y 
j^jju j^iu l-1^"OH ljukj o-^- 1 ^-4^' cr^UJ u^j JiAUl o-lj ltu "Friction" -Jl^-,-iO?l - r 

' ill ^-— »"'*- * I ^5^>-_5 Uj^- 1 ' '" jLiTl>-I (_£jj>-I _aJ LgJ>La— a ^j_. jLll>-VI /?->—-) LIaa.3— La 

(jljuVI ^j^a 4j_uLla <L>-j.} (jr^ 1 J J i*g— — Lt aJ_t" i oJLl <t-it iMI <LLl»J ( _^j_Tll_U ».V-iiiolt ^i i — Ltl j i_— Jl — £ 

i_c.ll.uTu jl Lu_aj 4_l!|_JI 4< intl CjI j j Lil a. VI _jl_Li_=La Jl»-Ij3 Sjjj-lo '2— _Ui (_xj__iJ5 J-L»J— l !l *L_i 4-Ll— J 

.jLTl>.VI *uL_J 4j_uLUI 4_jJ| __L_ <Ja-__>JI 4jj* L<— tl (j-a <_L_>*J <L>.jJiJ aj-_Lt-LJ> jLl_»-I — jLllC a I J__i_ul IL. 

: J_=l_0]Ij J^JJ ^LJI ..b-UI 

j_al_!l '2- l) _l__! aj^i__ii (_p3j-Jl 4- ^Lipi ^-i^ Barrel (jri^j-j ^3_uj £i_ll 6jl>j (jl llUj j^c 

(_lV3j_JI IL. »jLjjJI 4_3 (. r j i uJ Lj-a jLl_»-VI 4_;L_=La (j-uljj 4_-l_J1 (j^ljL^J ^sr ]n i u qjJ L_tL_=3 il a.VI Jl>-Ijjj 
j_> I a— — > ' d— =— "»-*-VI j pG ^jJ. U_u 4_l>oj_LJ aj— J 4-Ll— I I a i ^-" * a x_LaL_a i|_ Lj— g 4_Ll— I ^P-iL^J xJoL—a J_c 

. Y, ^ J_=__JI 4- T^J-* 



luLxJISJb-jJI 



Jl>lljLu£! 



£LQl LSoJLS;^ 




-*£** 



<*>i>»* 



a = ^ ' ' "2.I ^ ' 



: (_£jJaJI i-JLaJI JlLa JjUo <jJjt-« <j-a 4-LulII C^JL^= I jl ( i 
-il-ijl La-fra j 1 ■■^— LJ CjJljso Vj lLUJ 4- j 0" 1 n~ij TcLalajj «3 I glal » uaJl ^j^a Juj-J (J-La^tUI £_ jlj 0" 1 n^l (jLa 

: j a La 2tl ^jj/Lj!e_Ljl (JILa J,-" " ' * ' -J " (j^*-* 3 (Ih ^H"' '"' *""""* '•*] ( ' ' 

4_LaL*JU jl 4jnt (""ill A^>-_aJl ^j^a 4_Ll*JI (JJula i_3j)j_LaJ L*_iJ pa 1 ia a. 4 2 la * a Jl>-Ijj (*J^-C _jl Jl>-I_jj Lai ^__L^-LU 
( (T max ) LLaJLuai! ^ i^Vl _}!_£». 2I j.p.tJj 4-ljjlU ^j^a^JI 4 ajl a-a-U Jl>- ->^»-J . U> -s. \l j 1 1^— . AjjIj^kJI 
: d)' l£^ C^o) (_p»;«"uill «JaJLall 4_JLaVl 4^L_JJ i^l Laj 1 n ri a ( F max ) ^yuaJS^M Jjj^kJI LjjL-u^s 
•^max O O 

A 

: j-&jl\ JjJlj»JI i rti^q (j^^*-" 0-" ^-4*^' c^JL^= I Jl ( r 

(jj^— 'jj (jr AaVI x_a "I * - 00 ^l^*. ijjlj (J-«-AJ i^j" i n a (jyic j 1 "^-— *"' *u IJl>- }J-jJJ9 JaJLuaJj L^JLs 
^j 1 ^1 ii 1 1 <Lajl iiolt Ju». Jl>-Ijjj frj !>!■•>• 4 iiV-wa Jl>-Ijj i*^ 1 tlsLLJaj zlj Jji^til ^LljJI ^jUseJt\\ 4r '^^^-11 



luLxJISJb-jJI 

ia*dJljLu?l 






£LQl LSoJLSw 






3 


Ductile m#f/t -T 
mild Py/jp^ ^ 


Semi ductile metal 
•■ braes ^^(r 

Xtt w 


a 


Brittle metal- 

cast iron ^/^^^j, 


C 1 ! /> 


Defcrmajion Contraction 


Oeformation 



(^jLJI ^ylr&lU ^Ijiiel^Li lLsJl^JI 4- (j ' "J If] I JUiJ^lj ^^JiI^I! JiL^^U (^L^l ^ylr&lU ^j <>^=laj 



_ AL 

" A, 



j3jIIJ^>JI F : 
4_Ll*U aJL^VI » VirtU i^L^a A 

j^ ,t,-,ti AL 
iij*u tykoVl J^i! L 



luLxJISJb-jJI 



Jl>lljLu£! 



£LQI LSoJLS;^ 



*. 




* 


t 











v*.. 


>. 




o.>«^ 




-V 




2 


/ 






^ 






£ 








«^y 


JC| 


^ 


















ur^ 


u^Ji JUiiVi 



^yj-uJUjJIj ( _ ;r LuL>JI JLtaJ^lj .al^^-VI CiLiseJia : Y,T (J^amfu 



•6' <J-"L"'I (jr^ 1 i-LaJLuaJI IL. (jr LuL>JI JU-oJ^lj jL^^U LuLixJI CiLig&lU (<u-uj (j^~"lj 1 o^— i 

F 

<7 Tr = — ,U:,^tl '$> { jju2s-l\ jl^-wVI 

^ - • ■ 

A/4 

A - 

■ (j^jVm.11 gUrtoH JuLuoVl ia^LJll ^4 
.L^jic (Jju»JI jjjG Jtlc 4-Ll a II (_paj t" i n a » \n7\aj if—\\ <L>-L_iL/a ^4/ 

.U;,ut| jLlcU '£— J1»a*iVIj vl j-»-\l t ^jrtjrt^tlj LujjJlJjJI oljr-vill ^^-^J c>-^ 4JLL_a]| Jl^— ,*:,Vlj 

2UwLiII &l£JI jUI?! uLu& £|_$ji 

el>>4 Ju£. AjLseTLm.U « La 2 1 1 j taJ3 Cjlj-a * Jl A) (j^a t_gjl i uJ LgjS JjIaJI (j_a^aj« tAJLalaJI 4-Ll<JI ( I 

^_j_uJuJI (j-"Lj^ aj-g-»-l i_t-j^=jJ (j^~» <1J (jr^ 3 *- J^~i iViJIj (J-a^e- U ^LuJI ^j-l ^ -l X I (<u-uj ( _p3jJ<-) i Vit uaJI j Lla .1 

. LLaJLual! p jduaaJ I -}L$-»-Jj i. 1 1 hLlL?I Jl>- (j"4H" lP'J-*^ l ^ J^=J 4-L.tJI (jyic JfjlaJI 

LajLLa dr4H" Jl ^ c - i*^"" ' "*\j f Vi rt t, I J-La3 Cjlj_a V (_£jL_uJ JijlaJI l(j/^ jij^— ijj : A\n , njlll 4- u . t JI ( <_! 

. (jjLtaJJ iVit iMI 







£LQl LSoJLSw 



(J^aLsJkl (jjLta jLTc^V Ajiir" i nlj « La 2 1 , 1 j-LaJ9 <j-a * A ;_gjl i uj (J^iaJI L#-i2 jj ^~*_'J : Sj_iJLuaJI 4-LlaJI ( T 

jjjU-a Jfj-^j aJUJ L^jLAa iij*] l ajL^ ju£. j^».^JLl cdl^aia>VI j-utj qj^bj ^4=- "Bearing metals" 




Medium, length ^2d-H 
onori specimen specimen Long specimen 

Sj j La£ jLIl>.I 4.4c SU , ,.j" ^ jl j",-^ I 4.4c 4Jj^la jLla.1 4-4C 



a 1 , „1 ,^t l 4_uJl*JJ 1 La » 1 a ! I CjLljjC :Y,£ J ^ - * 1 uj 

jjLuU kiwall uLLx ^ U^I^J uH^JI kj>&)l 

: ijpVI CjLLI^p^i^l (jJiLtal! LLaJLuaJI jLl>-l ^jl-4^ ^.j""-"" <jl (-(-74 
(J-Lq-reTdl x_ij_jj «jj^~~ ' ' Ly^* L ^*]i_J ^ J ' " ' .jj^—*" (_£l (_£j->l-i »_LaJLa Cjlj CjLLl*]! ,jj^~ '"' (jl - 1 

■j Lla .^1 4 m^->Lu (Jj^kJu j_uG]I Jtlc 4_ 4* ] I (^^jL^j j_a (J^= 7r La 1 u (jyic LjJalla 
« LaJlU 4- Jl*j Jjaf (_$|) «Ja 2 1 1 j-Lal CjIj-« ^ * jj^^ ^ f ^j' °'^ CjLLi*]! jj^-"' jl - Y 

J-a-=* (_uL>o 4_4*]| ^^ *l_b>ol Ajj-c J^j-Ijj 1- 1 j 1 nj ^Jillj rL*jJl ^-^>4 "^ cr^*- (p^J *"' ul ^ 

,jj^~~ » ' (-Tl>- lLUJij (j-L*]l j^ta (_y-ijC (j* ' N J 1 <* J (j-ujl^la (j-Uj"i 1 u a 4_4*]| 4-)L^J Ls&Ja-m (jj^~* ' - 1 




Jl>lljLu£! 



£LQl LSoJLSw 






4-Llu La (j| (^i LbL>Jlj 4 



<1ul!! ^,1^ jiijll J-a^»JI 03^=^ o' " ^ 



(ji (_cjvj Lajl.} Lu-uij t^l oL>J^?l 4- Lie-iJe^a Jjj-tl J-a^>J! UL9^~"'J Q^~" 'I? -*-4*^' (jr^ 1 J-IJ-^ <LuLflJ 
i_slj^>jl (_£l (j-a sj-iluLua (JjtAJ j^-ilj-ll I Jufcj (_^jj^= j^— i"j-a CjI j jL. i l > - zl 4 M^->La (j-ulj jij^—iJ 

. La-> I j Lj^ta 4JLt>ijj (JjwJ I (jL-« ^_ 

(^yic Lj>_a-aj£.j La- in i na 4_Ll*JI (^^jL^J (j-« <_L^= (Ja jv j LiUj OJ^~~ 4J (J-Laj^e T iJI 4.jj^ta 2 *_La (_ a j ~ 

■jLiTlv 2) 4 '^^-—'1 a j^a^ta *_a LS-Ja-La 4_Ll*J| j^a^ta (Jajvj lLU Jl^s 4_Ll*JI j^ta 
) * (jrLl J»J>J "^ aj_LlieJ,l 4-Ll*JI f Lajjl <_Lt^-J <-lUj (JJ^~»JJ Cr^W 1 -" rLtjjVI CjjJl*. *_La i_cjvj _ 

•(_paj t" i nU » la 2 1 , 1 j '-"■<* Cj|j_a 




jLpi* Vl 4 i^-iLa-i 1 Vit uaJ lj Lpa .1 4-Li£. 5-Lisjl (j-aju : Y,0 J^—i i"i 



(^yic (_JLiuiIj jLiTlvVI 4J T L^aLa (j-ulj LT^J jLiTl-w^I < 



y (JU i<tl^-."^VI ,_£ajij 4_u_uLai,lj ajjUrttl 



1— cl > .J (j^~» <1J ^(J (*>■!"*" (""lit 4j_i_ul_La ajLa (Jl ■»" , nl_) liJl^— i"->-^Ll 4-iisjjLjJ ?r Vi 1 11 2 1 OjJti ><ijT Mil *UJ <_lUj 
4 -i Iaj * a j ig •- la 1 ■■ » ' «jj^~~ '"' LjJlIc rt - i -! r t"i"lu LaLa-i 1 f II ^— »"<-*- \l 1 4 u-mJLI j^j ^ n 
jj^a jL i l v zI 4 t V-i<^ (Ja a j LiUjij j Lpj . zl 4jlLi2j /oJalla J^-i i"i (jyic (J J 1 <~\ se It iSj^Ia Lbj jj 1 nja T^lsl JlSj 
jl_all IL. y-pj 4^Utl ojufcj jLiTl-w^I 4-Lui (j^a lU . -jVI *j^>JI J^ 1 — iSi ^_ j-u»Tl!I p ^" Lj lLUJljj *lj-»-f 4j^Lj 
i^=j^ 4la^l_aJ SJljjlJI ^ Ja^uj^l s-j^il 4- (_AL*^=lJVI (_>uLjS aJlC Jit>.>La J^-i <fgl| 4- Jr4^' J-f*^' °^ 

■j Lpj . zl 4 M^->La (j-ulj 



luLxJISJb-jJI 






£LQl LSoJLSw 



( OC) ^ii'j-J (_k-*f *^4^ jLiTl>-^?I 4-Li^=La <j-"lj <-al> tiUjj , <tl^-."^VI ^ J^JLajJLI [Jj^>'\ 4^ijb tiJLufcj 



j x_a i <tl^—".^VI (JjJL2j ^j^— > i ' j 



a f^ J""' ' " \j (j 



La a j 








itLS3*A=H*v <3 jJW£>tf>jl.t> 



LLul 4_ Lfcik. c-JL^JI J.ti.^j ^dl^-r.On jLLl* : Y,l , 







£LQl LSoJLSw 



S.Ui.MI jL^V i^UJI U i jJiA\ jLf±\ j^j Jli 4. - > 



young modulus jJjj <>L^ jl c^*Li lij o>*^ J^=J •,♦ ^ ojj^ vuiil jlj^JL. a*^ 1 J^l 




-g^ irTt Q 1 1 ' ■ i| n"i llg -«^"i h II p 1 1 n i 1 1 fi n I n 1 1 ri in in q p 1 1 






il>tljUI*l 



aJ «^)l jLtTLvl 




i»JtiflJljLu^l il^lljLu^l 



«GjjJaJ j 4£.l^j|j Aj-L<aJI jLla.1 

^■aJli-re-ll 4j[Luij aJu^aJI jLiTl>-I f-ljjf <l2jJt-« _ V 

>Ji.^itl jLj^>-' (j^ SjIj^kJI 4j>-j.} j-uG £Sjjl>s - t 



'^LUISjb-^l 






2^m 4_ajULa j_£Jua tjl-U _o-ifc 4-La ^ysjjil\^ ( /— ^si-Lai * ) J II (J-uy^Tdl p'3-il (j-a Mj" L^-J- 1 ■*'■-*>' I jLiTl>-I Jl*j 

£ aj 1 a II (Jjjwo £_ L^ajLLa i_ 1 j 1 uJ <_jJ-!lj L^LajLLa (jyic 2j-uitil CjI_Ll«JI '£— r-jj Mill Jl>-Ijj j-uLj oW^ 
1 j~,'al ,^,3 ^J^a gc-LLajjj (j->L*i,l (jJUl 4jjIj^>JI O^LaUil j-uLj ^LijJ lLUJl^sj 

{ Standard Impact test ^Lull ^^WI^Lo?-) 

(JjJlaXI Jt i"itl 4-a-La (^r U( - 1 (ftJ Lbj-i-a^=Lj aJuuG (^J-S (_J\ (_p3j^»3 sjjjjjxja 4_u_ul_iJ9 jL iT l > -I 4 tV-i<^ (jr^ 1 L^J-^di 
I jl -T-" <^-»-J (j^a (j a » • ! I LgjuaJLJ *_a -iljJtl <UjL2i, L-uL-ul AJsLLaJI ijjub 4-a-cS j-p-tjj jLpa. 2I S»U.a j ■ ■■^— 1 

. ^j^l oljLpi.1 4_ jLl^Lu^I jIjLl^.^1 Ua /zod ±±xh Charpy ^jLi: jLpi.1 



Calcnktion of Energy Relation! 




IPtti »£iATi;m ?0R 'JNCJLUM MACMiMt 



aJlo^II 4i^=U ^ptjj-bjj /<u-uj : 3.1j^=ui 






jDt^aJ 4JLa (ajj3^>II) Sj-pieJJ 4_LutJLi .d AtU.^I J^j SjJIji jj^J 0jL_u-« jjLs J^UI ljufc (jiLl lj>L9 (JF) 

-.^jb <1l«JI j ).i^-> 4- ^UaLl-u-U SSLLaJI (jj^-»" llUJljj (//) ji^Tf-Lajjl J I 
U T =W(H-H')-F.E. 3.1 

-ilji.1 4_JL>- £_ j . ,.^— tl Jj^ i n*ij j i ..^— tl jl^— ^ JljJlTcjJ Jjj^lj (jyJjLiiJ ^jLil>-I jj^a (J^= <4- 'jjj^* 1 ^' 
j-t£. CjI_Li£. a JlJt" i uJ JiJ9j £ -aji^ilt LglajlJLa cJjjtjJaj j^>JI S-LJS Ju£. CjljL^^U j^=j-<jj -S^»-J ^^ iijlail 



trtimliHttullutJtJLS^i 

Jijj_il jLiTl>-I (_ 7 -i2 3^*"' J^~~* '"' *~*^ JW O"* 3 ' * ' **"- ^-LLt-U J^~* '"' LyfJ' ' ~j -L23 -1 J*-*-*^' (j-* 3 J^"""* ' 
utb ^jLfuJ <UL>- £_ Lai /<s_aY Jj-l<*j) £0 4jjlj_> ^j^eja J-d>J CjLLlaJI J^— -^ duLj j-^-II J^-— ui jj^~~ '_' 



'^LUISjb-^l 


















55mm ,| 
L ** L A 


tOmrp 

ft 

10 mm 

10 mm 

is 


>T 1 

0.25 mm . 

radius 8 mm | 




(a) Specimen with V notch 




L : "" J 

,f- sow slot | 


ill 

O— 2 mm diameter 
5mm } 1 




ib) Specimen with keyhote notch 




. L ^ 1 J 

111- 2 ™' ! 


u^_ smm J 






\C\ Soeciiren w ; th U notch 

(A) 












10 nun 




w* 






- «^8 mm 




(Bi 







Jjjjl <Lu-ul_iJ3 iJlL2 5JljC J^— i i"i -JJ 



i»JtiflJljLu^l il^lljLu^l 



Lai .j-3til (JjLHI 'L^-J-II (jr^ 1 ^ j *"•*"'* * <4- J^P ** a, \ uaj\ >jj^~~ '"' d-po LjJ&l 4_Ll*]I Ccpj ^jLiu jLiTl>-I £- 
7r V-pritl ^jTmi-a '2- j^>JI fLJS (jj^-»J ^..-Lrvj jLi>.VI 4 m^-iLo IL. Lxj-uIj 5_!Lt*JI CcilI^ -SJ^jI J^-**"' <*-JL>. <4- 



'^LUISjb-^l 






io-UaJl &U- 



~»~ w J l ^tj\>- «Ja— 




^oJUdJl AiU- 



0> 








^\X~J\ 



jlJiJl 



^jjLij iij^is - Y -ijlj-ji 4-2j_^Ls ~ ) .aJu^sJ! jLcii-l 2_ CjLLlkJI C^j-uj ,Jj^3 :' 



'^LUISjb-^l 






^JJulXI 4 j ' a la i a 4_u^sL>. ^j ■■^— > » ) -Sjlj-ilj LyU' !■£.) LiTl>- I ^j-* 3 l)^ 3 ^t- ** '-* J ' "^~~* J^"""* ■"■ (j! Jaa.^ 1,1 ^j^a 
_a_ii> 1 o^-i .j^>JI JUC 4I1U1 j in^-i'i'q I rti^iritl (jJl*Jtl Lai j m^-itl *_a 4*iijf ^rjiu JjUU (jJuJ,La 4^1 L<aJ3 ji 




(Jjiaa jJ^xa] __)jji£]I (J^i 



^ jj^a^i! ^u£]l (J^ii 



Ij AJLkil jjLuOJ ^jo^JI jLp^l 4.j,„^-itl J1^-.,M;T,1 J^i 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiimr|oll 











il^lljLu^l £tfjl 

j ijjj-ill AJSjjuaj (jiajLjJ <u}1jJI CjIjLiTl>-^?I AjjLLo - 




ji>iijLt^i 



^jIG Coij I *— » i ul o" a 1 o jl i ii d -»■ U , , , J^-— * .". i IA 1 A" -s. V I rjjz d ',£— q « ^oJi 4_u^5L>JI (j^ jjJjt-a (_£l o^yuus 
4j 4-a}Lc CjjJu*. ilajLLa iJ ^£L (<jJu<-U TrVim) <jJu<J.I SjJiJ9 L$JL) 5ji>t i^itl i_3jJtJ JiJ9j .JLa^VI 

V lJu^i ijakj .tiji^-.-^vi h*sz J^=loJI ^jLi- ^1 (Abrasion;^! ;LajLia jl indentation) 

4-J 4_i 4_a}L»-!l C-SjJu»J 4.LJJa LajLla 4J ^j-Lbe-LU i_JLaJI JlLa tj-iUi.1 ^j^-y jl d--t>- LaLc ajLpg.1 J^— gj 

t;r i-uL-ul lJijjju -iL>jJ (j-a (jVI Jl (j ^-i o"n *J LiUjJ -iflLc <^>-J^> l5>^' iLajLia ( _ ;r Ll SjjJUl 4J 4 mii'i OJ9^!l 

4-lll.u-LII I nNI L^aJI AJjLH, 3>^ -^W^l > j^~' O-^^J lP^' J^-— (_^Ll (j j ta ijj a ^ uaJI Lu-aLi. -S^>>J 

t^Lj 1 o^-> Jjj-Va-^ <>JkJ LSjIs O^ i,-itl iZjJij^. JJ9j .(jiajLiJ l(j i^iy (JjLaaD 

indentation Hardness; :^»>uji o>u= - \ 

■ t _,^— m aLbjij t _,^— ijlllL-ul (J-a^i 4JLuu>o 4j*_uj 4j <La}Lc CjjJlj»J (JJulU LajLiLa ijxaU. (jj-^J 

(Rebound Hardness;: jIjlSjVI sj>L^ - y 

.(JJUlLI 2jl>Li3 CJJJ^= 1 pl^-> cCU-LSj-^BJ LjJ IjljlJjl 4-L.LL.U.a 

(Scratch Hardness; t^ij^Jl o>u= - r 

.(_)IijLJti! (JJulJLI 7r Vi i ii LajLLa 4-u^L>- (jyJkj 

(Wear Hardness;: J^=qJI o>u= - £ 
(Machine ability Hardness; ;o1;^-.Uj ajU.Viil sj>l^ - o 

. .tcJI. ^j^^tlj i . ,^",tlj *_La_2JI dlLJ g-C (Jila d)l *^— 1 ,1 j (JjJLiiuil (JJulJLI LajLiLa 4_LLaL>. (jyjfcj 
L^SJufcj LfcLLta ^_ l(j t's>i\ £j£L I h\~W\ (JJulII el*)\-us (JA-^J ' ^ '^ Cr^' J-^ 31 -^' iAlLj/ iJJ-V^' (j' ' Vi~^^£g 

«Luj^>JI CjLcjJlXI rl>ll 2j>L-i3 4JjLla '£. L^Tlu»aI lTJ-A^ «-a>L«JI SjiMj-a }Ll*a ialikXI Jj«u,i"tl (jlalj^.1 4- 
SjM^j CjLLU L^UI "o>L^JI Cili o-^ 1 J 1 ^ 1 4 j»JLieluu jlj^jVI SjM^j *_iSI Jl2JI J|p».| LajUl 
Lai Jj«u,i"tl *l_ul (jijiitiJ (jJmi.1 c^>j-£ JlJ£.j J^xJI CjLiia^l 4- dP^' aJ^L-a JJJ^J 4- J 4^ (jijL»Jl 
CjljLLa2iI 4jJjJlj»J| Cj^L*j«JI y-j La - ■■ ! «_aj^L!l ^jjUi,! 2j^L-a ^^>>J 4- Lg^'-'h.^ J j^"' a l5>^' 2j^L-a 
LjLJLIjJI «Ji>Li3J Ldl^-i'^-VI 4J*JJJ J^sQil 4_j^L^= ilajLla oli QJ^-i" ^^ 4jJljJlj»J| (j\ y'^iflWj 

.Lb^tc-j i—iLSlllj iLjJtiLi (jjU-ll J^t^auij jif 4-a->S S jijLa o!i ol '^— U ; 




ji>iijLt^i 



(_£Jl!I j-aVI (jJuJLl CjLjjJ^>J LtikljJI t£oJi!L> '^.'"j" "jj^-'ttl 4-alTJfcJLl I <^ i^aJI (j-ujjLla jf .U>^\l_i U^= 
(jjL»il (_^JLl ' ta a£ OJ^»-i lil 4-iLa^. 4.4-1^ Cjlj jj^ 1 — " j-jUJll a-i^L-a 4jjLit, iSj^L AjI aIjlst'iihI (jl 7"^JJ 

SJlxa stal l^i^-itj lLLLJ.1 cAa£. lil Ajjtjjj j| < ^yi*^ cjIJlj o-t^-J 4_«}L«JI aj>}L-a — }liUa — i^jLiuIl 

. iaJjJeJLl <_JLaJI f-laJI a-i^L-a (jWi <4jLH 

4jIj^-J ajjj_iis (jr^ 1 ^rH-"W^' CjI fljLaljJLI Aiaji a (j^a-uj <Ull ii^-itl ^_ * i n" a (JL^ta 4J (jjLxXI aj^t^a jL iT l > -I (jl 

.J^o-lS jLlL>-L^= 4_uJu<J,I CjUtliallj jjLtaU 

4<~ I /.--»tl '£_ LjJ (.nulla AljLJr'nul SJLulxi aJ^L-a J^~- J (jj ^~£>- L#3.}}L^ Uua>. (j-iL»i.l ( T*rH>' ~ ^ 

■Jjiu.ntl 4-j 
La IjLa CjLjtllll aJ^Lua ly u u xn LiUjj t » u i^-i'itl «.L<j| «Qj^lj_aj r-LjJ^fl ^ jTn -u-a ^_ /<\^— i-^lll ~ Y 

rLUJl ( _ ;r Ll J^^"' lLUJljj LioLtpj-ul j,^—^ al JjiiVitl oLLaljILii^? 4_iIUta *lj^>-l jl AjdaJS CJjLfoJ^a! 
4jL)LLa_a j_lC. r-LlJ^fl j-a aj-Li^a <Ulj_a-3=ja jl a.^ i^-itl Cj|j Lpa .| j-a tt tiaJI Ijl 4JI 1 o^— i ../oJilla 

<J23j r^uVI (j-uueTLta 43La>Laj i.Mi,itl jc d~=eJLI Lj^j^s £^^' '-^^ji g^ 3 "^ 4 ^ I U 1 1 o>l ,^,U 

.«_aj>UI CjLJLJL .SjJjJI j^~"1J <_Lj-<-a]lj JJ><-aJI aji>l i^itl jLpi-l *'j-=-Li — O^jm »-i^Lt-a 
<JjJ9 «Gj^L-a jLTlvL (-dJjj «Gj^L-a (jr JLl Ujllall J^— .'r.lt (jjLtil Jjt mi" iLSjjia jjjG ^JJua (jl_u - £ 

. tcJI .. -SjLJI i- <-a- intl CjLlor ji ( ji«-l mil jl JjLJI (jyic aUAIjJI CjLJLaX. j-uLj i^j-»-l Jj«u,"itl Juuj 
(jJuJLl aJ^L-a Lfc^Juj L^jIj^».J 4^tu-a (j-a Jj^-iQJIj AjjIj^kJI iiaLtil CjLJLa^l J-;pLj 4jj/IjJ - 

^Ijilj (Quenching) i^^rMj (Annealing) Ji ^^\ oLU^ jl ^_^ LiUjJ UJa 

O^jj^Jl L^: (jojrt^ij (Case-hardening) . ?nU"Uj jj.^-.tlj (Tempering) 

.jjLU! ^k^ sj>Luo ^ j^iUa^itj y (decarburization) 

t-i^uLuj «La>L«JI 2j>L^ >liUa aj>>L^I i_u^L>o <2LtlJLl jjiLtaJLI S^-ijM^aJH (_^al^>Jl iajjw - 1 

(j-ULtj aJ^L»-iiJI jLiTl>-Li I **^— a ' lLUJljj i. 1 1 iiLlLII I jub JJljso iljLta Jlj*-jjj J mi! I LajLLa «_a Ljjjk 

jJajjj (Destructive test) < M~a jLp^l j^>j j^aji jLp^l *l>^l Jl *_a^ill uj- 1 J ^' iajLia 

j_L^j>J j^— > i ' Vj Jt^foil I j" ajl 2 a i^j^ta jljJ cr^' oLliaJI jl d)l *^— II *lj->-l (jr^ 1 4\je-Li-Lll lLUj 




ji>iijLt^i 



i_3^LjJ ji j ui£=i aJl£. IL. 4j£.jJLJ J I jLTlvVI <ry±>yi *j^>JI j-t.LO 4^&-uJ dUj jlul! Lflla JtJu CjLLuI 
<4_uJuJ,| oUtlial! ' **"'* J^ jLiTl>-I £>£. 2jl_i£. a QJ ual\ jLiTl>-I J-tAJ ^JJI j-a^/l ej-^JI i^JUi 

Julj l^pl tiJpj a^i>j l(j-*- Vi i n (jyic. < Vit iML) L$J La^Lc (Jji£. 4 Vi i nl^j 4JLj_LaJI ^JJl^j (jjLtil Sj^Lus JJljso 
(_p3j^l (Jj/LlLi (j.}Lm iO^Lca (jjLajj 4_uLj V * J! ^ ^j-s 7-jl^pJ 4-La-Li uJ a Jua £_ 4j j3^j ^ jJI LLaJLuaJI <Uljl 
/<k^j (j"4H" I '^ijl (j ^~i ojj .(j ii^— i tJLij Sj^L^a JJ9I (JJulII (jL^= 1 ol^— i g CLo -La Cjjlj 1 ol^— i'q 4 iiof jl j3VI 

^yic Laa.mJLa JaJi tjaj I (Jx^>- i$J> i u l (_£jJlj JaJi uai I (J-l^j v j l j J o Cj.}L>JI " J**- * I ' II i »*> l (jJ-t-a-U o^yuus 

.j-fJ3tJLl jjJutil ^^ jJ2fl i^L^a 
tfjufc ^_ jLiTl>- 2 \ lLU j ^ a i nj^ ' JL»aj| ^^0 ojjjuus e\ '—• ,jj^~~ » ' JlS ^-lltcI 1 (JJulXI ^_ 4-1 ^H -1 l£^' (*>'"*>'' _J 

Vickers jj^;* jL^-L> e^-^a ll^j, Ll^u Uj^, (<u-^>ji o>-^= I J] W Brinell Jj^ jL^L> aJUJ! 

Brinell Ji^ i2jjl^ &[*x\ sjM^ jLo»l ( I 

(jrJ-J-a J-* 1 o^—i J^j-ll J-«^>-II *-Jlj| J^J tiUij jLi>.^?l 4tVi^ ?r Vim (jr Ll iVii i>itl I juk (j-a £jLi!l iW ( Q. ) 

. i,\ <£j J^a ifuJL 







<zJ* S V 



cys.t/jv 




J>AS 






t^yJj Uj= C-.cL.a JV J (^jJI (B.H.N.) 2j>L^li! Jjj_) ^j-l J-^iell O-^' Sj>L^3 ^£L J-l*±$ 
( /o-a)jLli^l 4jlLJ2 j^rJLc 2jJ=JI jM i^L^a/( (<^t^= ) jLli^l J-*^- = SjiM nail Jjj_i (c3j 



Brinell Hardness Number 






W-&> 



K — iD-^D 2 -d 2 ) 



4.\ 

4.Y 



4.T 



<2jM-«^iil (Jjj-J (<kJ2j c_il < n-v Jtlc L»^la-i •■j""' jLiTiclj (jjJuoLtLa ^j-ubljsol ^_(QJ J^x\ J-^^ <J-°W^ (jr^-Lhii 




ji>iijLt^i 



Sj^aJI j-La^ \0 Jl 0.25 (Jj« rj|>" OjlaJS 

d/D = 0.375 J^ji* ^1 d/D = 0.5-0.25 ^ tft 



Jjj'tzjs+jjx 


^A&U*-t»r* 


Piling up 


Sinking in 


0%<»rv«d with highly worktd 
. materials. 


Obstrv*d with 4nn«*Ud 
mtUrtilt. 


jjj.v.ti yic jIjJii 4. 0i*M3 


(Sj^Jl! ) OOUI jljJ.1 2_ Ji*}l3 



(J^iLlIII 4j9.} (jr ic (Jjj-J AJLjlaj a jM uaJI jLj^>-I <4- J-*^' Jj-^J J^~" ' "* JtA^ ' ^ J^""" 1 & 







LaUJI jLo^VI oIm^U a| lLjLl^JI )Ll>.l cjI_L^=U , 



_ il_La £jj (_£l .a I Jl^-"i i ill ^j^— » 1 ' 

,*ljLSr"iiiL) JJ^/I J-lal <j-"L2j (<U . jLiTl>-VI J-43- (j-* 3 /■ ' ,0 = J>jju>. «|_ jLiTl>-VI 4 '^— a Aj9.} jj^ 1 — "' 
(£,T) J^—i i"i JO^ i^ilt (Jjj-J jL iT l > - Z 4-^3 L>- CjI i^— i a a\j^cIllm\ (j^~» <1J 1 o^—i ^j-^sejO ^ILajj-^-ij a 

^j-a ^j^-— » i ' J**' "JjJ ^~~*^ " L#J j 4 . ' *> J -*- 1 ^ 5 4_iI/Lifu (_ylc j '^-— * a «Lil_uj < s^JLLiXI J^^ I (J-a-*-i 1*3-^ 

(jr Lc Sj_<luL^a <_)Jj-> (<kJ3j (j"^ (J^h 1 J' n^>V Cil i^— 1 a Jl»-j3 1 o^-> < 4jj(j 1 nj 4J9JlJ ^p^l j-ta-2 (j-"L^9 
^j_t2_jjj 4^j_i_oj| *_a (J-ij-J aJ^Li-is JljJljso Ja-m-Lj (_£Jul ^_a2l L$J (J-ialLa (j "Lj-2 a (t-Lc Jl TTJ^ c^^^ 



Weight to balance 
oil pressure ut 
desired loud 




Bourdon qaqe 



Hand wheel for 
elevating anvil 

Elevating screw 



X 



Ball 
y_ ^Specimen 



Anvil , 
(spherical 
ZT seat) 



Jjjj^jJI Jjj_i 4_L^=La *lj^f : i,X J^-imi 







J^oi^ 

.1,^ (<^j JjJl^JLi 4-LllU 4jjl_a£.^l jLka'^l jo-Li jij^ 1 -." jLiTl^VI IJu4>4- Sl*-*^!! olj^-itlj 



Jijj o!j^=J iijL^VI jUaSVl :( l,\ ) <*£, JjJu 



^ 


Y 





) <• 


(/<s-a) ^jLpil^l »j^=JI jiaJS 


♦,-«Y0± 


♦,«-ro± 


.,..£.± 


♦,«-L0± 


((<wa) rl a mil JijJls- 



= LlH (jJj-J jL pJ .| *lj->"j J^«J (jyillj-Jl^ * 



j (O-aY.O LfejW 5 ) 2j^= iL 



(^yiJj Vlj L$J ?-ja i nU JjJlj»JI (j-a j"'^~~ »l «CLa_L9 Lfcj_LaJ9 £_ j_l*3 jl Sj^=lIL) ^Uaela ■ u i—Ij-lC CjjJl>- j»JlC <j-a 

.<L>JLu3 j_lC aj ^—i 1 1 j- p - < 3j j L pa . 2 I 4^e_uj 

■»^'" CjLjjj^*. iJL*. (jyiC-J t jL|Tl>-VI 4-Ltfl I *l Ql llj jL»-)l (jyic. jLuA-^LI I. I I IlLill "J ^— • 11 J-LiS jLuAl L_0J9jJJJ 

«j-^= Jl ml i ill Sjjjj-ii j-«^i1 (*) I" ' "1 1 ol^-i 1 (j ^—i o i m Jis jl 4-LL t JI jLijI CjjJllo 1 ol^— >j < j-tLitil (JJulII 

sjjj-iis j-a^l aj 1" i nl I -i '^— > j_ifcjj| JljJu>JI (Jlua (jjutil ?eJa-m CjL<jJj>. Cjj i^= > I a '^-— > «Lll I i^~~* ' oj-lJulg 
JJlC J-LaJse T uI I j-u G ajL2jj Sj^— i tl C^>o *JL (j,^*- t-lUjij JJ9^I (jylc (<s-aO jl f«-a^ * «j-l±^= Cj\j^s Jl ml i nl 
Jl a +" i "I (j-a 2f Ji_) 4 *-^*- I aJI •- la ■ •■ II o^yLus J^*J a^fcjQ £— LglLajULa JlLa-l ^-Tl>- •- La-mJI CjQjjj*. jj_a i_ 1 1 nLLa 
aJu<J lLUJj -»• La i uJI iJL>. LaLjj Jilaj V JlS (jjutall 4-LlIS CjLjjJj>. jl *j->- 2 J^Lt-a (j£. Lb^3l jjju aj.ct.Lgi »j-^= 

. (jjLtaJJ LaLjJ (jy jjjj>JI < . n*^~ \y£S ALlalil 

jLlo-VI J^vj Jjj-J ~°J^= >tal jriJ Al>LtII 
J i «a Vi (jy^ 3 *- c_ijj/Lla j^S CjI j »j-^= 'L*-^ Jo*"" ""< (jlj ^^ JrP^ 6 -^' (j^>-t-aJLI i- 1 1 nllll jL iT l > - zl J^>- (j! (jyillj-J 

LiUJij ojIj jjl£. i^jL-uj j d/D = 0.5-0.25 lLjAII '^_^~i.„'\ ^u*. ,j] ajsjlj ojlsj, (J^/LlII t-xj^Lla jj| f^Lc 

■j-lltcI, I jJJijlII p^_i i aJQa.1 mj" 

c.Ah-^1 La^a (Geometrically similar) Ll^jlIa l^Liia ^iVl cas^j C^ ^jJlJI Ijla c_JLUijj 

.(£,£) J^— jj| (j-a c>-j1j I -1^-— ' LajLseTmi.U JLaJ-Vlj (^J-J '"'lj^— ■ jLLa^l 



'iaJljJISJb-^t! 




^1 Jjjll Jj^kJIj LAjLtaJal i_3>LljJ *_a Lu-uJlJA jljVl lIUj 4jLiu3 d-po Jjj_i CjIj^= jIjT <_,!£. Jj.^^-tl 



. .=• P - I* <* . t - I • - 
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: 4jjL»i,l (j-a i. uoj i^JlIIj JJ^I (j-a^- J^°' Sj Mif (2>£. jLpi».VI «L*laJ3 i'Uiii (Jjjj VI (— cjyj 
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7tD(B.H.N.) 

f Ij^^JL^JL J^>JI P 

j. " l.vl U .L) Jjj_> Sj^= jlaS D 

J^-oM^^j B.H.N. 

«L>-jJI (jyic <J-aj>JI LLaJLis J-<3I-J (j-« rijLJ ( jLiTl>-VI S»U.a ^^a (jy AL>JI 7c La i •■ U ?:L»jJl ^1 J J LaJ Vl i_ajj 

. jlj'-vVI *I>3-J Juu i jlj'-vVI S.Ua ~t 1 JjLHI 

^j uLiJLa ' (J-lj-J 2 ) ^~~* ^31 j '-^ a ^jjjLlSj tt a i n" 4_»- z JlJ * j S-ua-a jLiTl>- z I 4_tLa3 •- La ■ u (j^o^a-l (j) <_OiJ 
. jW jl (W ^ * J-^ ^1 J lPj^ 1 *J-^= Jl a ♦"ml aJL»- IL. dlljj ^-djeTJI ji -S^Ll <-lUJ QJ^jj («-a * . * ^ 4Zu3J 
(jl (jr clj_j^ (jl A,^ I V) 2 j a * i a jjjj (Jl o*" i "Li J^ ^aJI jj ^— > j£ /«_a Y j-LaJ9 Cjlj Sj^=lJI (Jl o t"i i u| i]L>- £_ Lai 
>— c JV J 1 o^— ) ./<b^t_t2uJI jl CjjjjJIj jj mi ri 1 1 (Jlla i_tj|j_iiJI (j-a LJL>- 4JLo^a Julj jL tla .al 4 t Vi^ ?r V> , a jij^-ij 
.j-ujjiil (jJmJU iO^L^a (jyic jL pa . 2 I 4j<_Li3 ?r t-> i u j ±<j~+" <L2jj_La j3j3 2 I SLclj_a 







.^pVI j-La^ ^J-" yjl (j-* 1 OdJJ^ 1 ^ Od>*' iX)-^ 3 ^ 0"V 4^L"»-U (J-^J 2 I lLUJl^sj '^P^l J-* 3 - 2 

7T Vl I II (jylil <L_l_uLiI,l (Jjj-J »J-^= f-^J"^ (*-* jL l1> - Zl *lj->-J *LSl ^>-'jJ CjJt^O V (jyJ^- ClijLii <_JLa j^— llj-a 

(^yll*. LijvjjJlJ ,Jju>JI ljufc -ilj^ jLiTl-w^I S»U.a -»■ La i •■ (jyic (_£-}j-aX. <J-a^>iJ L^-^- ' ^3 * ' ^JJ jLiTl>-VI S»U.a 
|^pJ-« JjijsJI I Jufc tiJpj /<u £ 4 I o t" i nU (Jjj-i aj^— it (JjLSJU j_uitil (jJutaJJ i_ < i nllll Jjj^kJI Jl g CLa -La Jj^ij 
(Jjj-i (<klj i. i i ii -> jj JJ^I j LaJ3 (jj/LSjj Jj^kJI Jljj i-£i!i J^tJJ *4^ ^ ° L>^ <_P" ^ ^H^ jLiTl>-VI S.Ua ^ic 

(Jius jLpa.^1 £_ jj\jajJr~ i ii U (Jju»JI 4.a.i]aj »j ^— ■ II j-LaJ9 uW^ Sj^Li-ai! (Jjj-J aSj j-^=j Jtl£. (j ' "^JJ 

1 o^— ) V * * * «CLa_L2 (JjU*.j /o_a ^ * Lkj_La3 'J-^ 3 (*' J^L-uL) (j"*^*-" lPjP «-i^-'- a (<^J l£' U***/^*) .uj. ( _^a 

4-^-1 i ii a Ci-r oi ii 1 -i ^^-— lLUJj *ljLj-LJI i La ■ -j" a Jl>-Ij «Jl»-IjJI 4 » La 2 ! I (jyic- jLuAl ^j^a j"'^-— I *|>>-j (j m> J 




ji>iijLt^i 



tLuVI JI_o^>.VI IL. p^se-LB jjlL tjjUi.1 S-i^L-a jLiTl-wV (_Pj-J ^J>k aIJlJt"iiiiI j-u 
V dJJIua Lgl^auSij-tij (j| (j^a Jjj_i 2j-^= ^^ (jr^^! ^P" Sj>L^JI JjJl^, j^tlseJtl (JJl*1I (j^^ 3 ^! * 

•J-fJ3tJLl {jJ~*U «Ji>L-a JI4J 4_lLl1 > . La}Lc. tlsjuso 



(JJulII -»• La 1 uJ (Jjj-J »j^= CjJlJso («L-l>. jjJli^s i ^1 qi 11 Cjlj (_£! IJl>- iJL(J9j Sj_uieJJ 4_Ll*]I dJL^= Ij! • 
(Jjjjj La «_a JjjLJJ "^ 4-LL t JI 1 d 01 11 Jl jj VI Jj-a^l 4 j 1 11 ) (jj^-i^j J^=*-V ( -r tJ W 1 -" Cy *P' J<? - W"^- 1 ' 
.4-uLuL>JI (JJulU aJ^L-a (2>£. <UL>JI oJufc IL. Jjj-J *Jajj-LtJ V (ill Jljj ojjjuso 
jj^a jj^=s\ Jj-<i£. 4J (Jjj-J «J-^= J-H (JL9^~ I J (j' J-^-y '•— "ri- 3 * - t-^fiillLi a J 1 1 ^1 a 2j_LlieJ,l 4JLl. < JI duL^= I jl • 
jjlajx. J-&J ^H 1 -" r - '"^ Jtljc-saJLl i_aM-*-II S-i}Li^ (_Pj-J (<^J (_P-<J-i V JLLLtjwj jJ i^-ill *j-^>-ll 1 *\ oi 11 
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a vNl L^aJI 4-a_LS ( _ ;r Ll jSjJ "^ jj^ - a 
'j *— » i u 9) ^-— » j a Jjj^la ^jc J**' "JiJ ^~~*_^ ' °J O"" ~ 



=laj i^JJ! jj^?! J*ju jL^>JI I Juk fj-2jj 

(_,Vi*j jl(j^tl (jl jl 1 4J9 Jlj ji^/l j-laS (_>uLjS (j^-» <ij <-^p- jl(S7'tl LiiLi !^£. \jf—i a j<jkj j^^' Ij-4 

a vNI .-^.Ii jj> ^-—■ - ; a (*^J **-*J^ (_>^ 3 ' J *- (J ' _^ " Jjdj"* 3 <j^ S j-tuLt-a 

jjilJI aj-iblii 4J (j^t! till jJ Jjj_i 2j.^= £yi O^L-a JJ^=>I 5JLjJtJ i ^J^. J^wJLi Jjjll (.yJ-uUI <VfJI (jt >-k^}LjJ 

(Jj^-i (jr^UI (VfJI (j! U^= -SjJji.1 JLa^-^1 ^J>f»3 La^a j| j-fjieJLl (JJulLI «Ji>L^ ^J>^= La^a J^-i tSJ I IL. 

<>jj| (jLa 2jL>JI j»kJI i_3jj^>J Ij-LaJ 4J| I -i^-— 1 £J3 N Ij3l ^ La »j (_£JJI j-a^l (_pJ-J < — ''j-^ 3 Lh° L^"^ 13 J-<- ua 'J 

.(Jjj-i^pl <UL»- jj^a j"i^->l ULl2J>j LLa j j i >i a ^3^1 j-La-2 (j-"LxS jj)^~" l J <_lU Jlij I JJl^cjo Lx_iislj j(jl\; 

jj^-ij*") iflj^Iaj (jjLtil sJ^Lto jLjIs-I Llj-a 

(jjutil Sj^Lca (j£. aLj j j l m j i^^\ is>\\ (<k^j-I aJLlS.} 4-a-La (jyic (J J uaj^J I Sj^L^aU jj^~>.ft jL iT l > -Li (j^~t <1J 

jLiTl>- 2tl IJljJ j*— - » a ' I 1^~~* t Sj-Lt-i^ji S>J %ji (JLaJ-lj /«JtJ»JI ^-Lt-i^ji jl j - *- a I JlJt" i ill x_a tiJjjj ^j_(jitil 

(jjUJLlj 3ji>L^JI AJtiaj SJi>L^JI SJjJl^ o- 5 ^' 2j>Ls JjJ^>o f«^j>Jl Jj^jJI ^r^UI a^I aIjlsbIj-uL 

./<ua * , ^ * OjSs i ^1 pi ii (j^>- lilljij (_Pj-J jLiTl>-I LJ ye-L^aJ V (_p-J' i ^1 o i ntl i^j^jJI 
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Rockwell J>i=) ^>K> jjUll s jM^> jLpi.1 ( ^ 

jjjl^s (J-4^>- J-&J aIjjj-jIj'^— > ^ * jl ^ * * j) *\ ♦ <J-a->»J ^H_P 4_i^>L>- 4-L^aua ^ I JLJelujj Ll (Jj^=j jL iT l > -I |_£j^>o 

. (or&lC/^a i nj (jj/UI j-a jjj" i n a i— 3j->- 4J ilajijjjta 

jUj llUj juuj (Minor loacD r*-*^=^ * 4.Wa ^Ij^I J-a^j jL^^I i<^ <J^a-=<^ jL^^I i^j^ij 
^^ (Major loacl>jM^-.tl J-a^J! iJaLbb J-a^-Jl jI)j ^ . jjjjuJI aU! jb^lJ £>UI c^j-^l j-A>* 
Ja-=JI) ^ jweiuJtl J^^j jbiiJ ^ ,.,,., ^ ^o*^ \ o ♦ jt \ ♦ ♦ j! *\ • ^L>ai <^=Ji Ja^JI 03^ 
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IFimajoO 




1 1-,. Rock ^M 



jLiTl>-^?I XjtJaS ?da-m <Ji».l.i jii}U OJusJkl rt ul»JI JJ ' "J i_3biaJJ j-l^=JI <_b^>Jb ,JjjutlJI *l_ul 4JI Jaa.^bg 
1 ol^— i 4JI viwpo ^p^U CJjtjsJkl ai i "T'tLi J i a] a 4J2 jLjjjti! TTjjJJ (j^j-SJI j_il/j^a dJjj^jj OJSjJI (J-oAj 4r-J 
J2^ cflbiaJLl j n^-itl J-a^>JI Jljj («J .jLj^JI <_>£>>9 (jlc. j-cuj-tl obi- 5 ^^J- 3 " ^-^j Ui^= jJzl (3-*£. Jilj 
/*£j jjb ^-aJ3j ji^^aij ^/Lta 5tJjJi3 JtJ£. O-uJJ (j^sj^JI (jyic j_ii|J,l ^bjJLS 4_Lt-u.IL) J^J^JJ ^-^ >^^' j -T* 
<&j jl (_$l jLji.^1 AjlIqS ^,1^. IjJj^a Jlj ^? A^^n^ * ^IjluVI J-a^>JI jl <Iia^M-a j-a) SjiM-^ail J_a^=J 

.( ,USaijjj^-.tl J_*j»J1 (j-a ^jLlII jJ^Li (3^*^ "" V N ^aJI 




ji>iijLt^i 



i Lu 



1^1 Sj>Lnall J_5^=J f^9j J-i^ Ui^= jJ^fl (3-*£. -ilj UI^= 4J| Lgf JJJ^-»tl J-a^»JI (>a ^jLUI jiiVl (3*C 

•J-fJ3tJLl (jJL»i.l Sj>}L-a cJJ9 1 ol^-> 
2 jM-Ji^all jj^^aj (jaujLiLa 
LilLofcj ■ <>>== J JjjL-oJI (j-uL-u^l ^J^. 0JL£»- O^J^ JdJ^ (jr^- <_1>==J "-^J- 3 - L^jL^-' f^J >* J>==j c^j 
v4 ^}j i ~~ , J (J " _^ "_J V_/ y jj'^~~'J (J " Lj-ii "_J O »Jj^~~ 'J (J ■ * " *(J J^~*J 4_2jj_LaJ a ^ L^aJl JljJlJSjJ 4 fl Li -»■ a (j_ujjLiLa 
jLpa»VI Juc 4J| 1 o^-> <(£,£) JjJl^JLj jjr^a jjii U^->j.iiJeJ,l JJulII aji>l i^it L*jj t-^j-uLiU (j^Luitl jLlioj 
I -i *— > I lia il (j-Lta ^3^U Cj Ji^ta p i n~>-j (j"*-*-* 3 o j ' (J-**- r* ^ =r ~ < " * ;j J ' ' J^ifc ^jj/Luj I (_ylc "" S N i»aj| JljJu^LJ 

. ( £ , £ ) pJ9j (Jj Jl^>JLi Tciis j^a jjfc 
^iq^ * , * * Y 4H«_l2 ^31 /g a-g I j * a p i n^ i^^ 3 J-"-*-! (*> ' "^ * * * (J J (j u LxS a J^~* ' TTj^i' <_>^>^' p ■ •■ *jj 
(*^J (lh° ' '-H^ ^ d^^J l>" ~^ a J ^ V * (<^j-J (_, (j" 'JJ V^j' J^J-I j li ii-i^-a) T * /<wSj ^j^a I Jljj Z3 (J_a^=j (j^/LiJL a 

♦.♦♦Y/C^^VI J^- ^T« = B J^^j^j 

•.••Y/Cf^VI j*t- 100= C J^j^j 

(jj/LxLa Lai \ * * = D (J_a^=j pJ9j <j-a j_t^=i L^jJ^Li-a (_jJ-II (j^L t - a ll aJlJt" i uj O (J_a^=j (jj/LtLa jji Ja^-^Ljj 
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)JJ^ f 0£. (^IjJ 



s jMj-aU Jj^j ^jjj^L yj-* 
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/JlJjJj 2*ljJ9 (]y3 aj_iil_La 3 ^ uaJI /<iJ9j (jyic J J L<a^J I j 2jM-«-ia-II "J 'J^~- Jl oj-Lt.Lg> *lj-<-u fl ^ ^aJI 4 iil"AeJU 
(j-tj mi"m aJ^L^aJJ (J_a^=J (<kJ9j (j-UL tT L) ~OJ-L^- (<wJ O l rijt £ya (j ^— I OJJ tl— ll i ri't.ll 4jl of J-^JJ La- jl(j^1l (^^J-S 
IjJ I Jj>. j-Lt.Lo (J_a^=j iJL^la (j^a pjL^LLl 1 j3^(l (j| I -i^-— .(_j^>j-2JI CjLsojJj (j^a a ^ L<aJI /<kJSj a«.ljJsj jLfr>JI 
( i, \ * ) J^— i Mill (j>3 (J-Lajj 1 o^— > (Jjj-J 4JL^ls (j^a ^ljIJLII jHz Li (jj_a^ 







<zjj:;i 




AjjLtll ajlj^>JI <L>-J.S IL. 4-ujjJjj aI^Lc Jl»-j3 (j-^=J 'J-^ ij\ O^*^ Cy* ^3""^J." [ ' ^"'-"j 4-fllToeJLlfljlj.jJI 

.(i,o) ^3j JjJl>JI (>3j (£,^ Y <£,U ) Jl^-i m&L (jr^Ld ja U LiJJji J Ha ^jL!ulll tj.aU.qJLl 




ji>iijLt^i 



LaJlim 3j-^L> 2j>L^JI f\lj\ :(£,0) ^j JjJl. 
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^"j ,^.tl <jjj_3 JJpJI - j) ■• £=>\ S< mi I (Jia 4_l3}1j 2 I j_<_£. CjIjLiTl>-VI 3j-^ O^ *.' 4-£j-*-a - Y 

tjjUjJJ 4-lL-wIjJI i—)J-Ul!I £>£. ■ aJu^aJI 4-uLi^3 £3jjt^s _ V 









t 1 ^ i^.M .^.-^ (jr^ 1 AiiaLsJklj L^S^LlI jj-i -i'j-^' ' "'-'•^j" J I U '•'-"' ^"j P ■!■!***' 4- ^-*-.'^^ j_a>lj2aJI aI Jiiejj-ul (jl 
j^k CjljLpi».VI ojufc (j* (jr i-uL-u^?l i_3JijJlj < i-aJllI j-t£. -il^ail jLpi»-l pu-uLi 4^jjjJ,I Ltlalll 4- J>^aJ ^ 
CdjUi^JI ^Jjj LuL^lII CjUcTllU ji ^♦'■^" l_dJ^liJI CjLjtliUj 4jinLm^l -iljil (jl (jU-l^ 4" 2JlC.L^J,I 

. 1 4 i a 4 * M t~t I 1 

jLl>j (jl (_cjvj <j H^-ttl i_3JljJ! I ju* Jy-iaJJ j-a iiJill j-ui CjljLpi^l 4- J-«-*-!L> puLaJI (j^-i <i lb ^^tj 

<>uji (j^aj (jl c_^>o u^= .ijU j^=j jJl^g <_pji oIjuJ.1 i j^=j jii« j^= j 1 ^-^ 4_L^i_ai a^uji 

(jl (_cjvjj < 4jjj/1_LI,I 4JLj_LaJLi ^jLllII rlj^JeJJ-ulj ujj I M, I jLpi^l 4j.}LlJ <_<JjJl!l jJA (_j^uLLa ^jIa^o (jr Ll 

l^L La ^LallUj^ ->I>U CjljL-OiJ 4-J-al^H 4-J-SA? 
7r Vi i nVI i . i an i"i"j i 4_l»-jjJLLlU CjL>Jmij t> jJ m "ill CjLI or j-uGj t 1 (j i r^> l^i^J -^J^^ 1 f^Lwl . ^ 

.JiIjjJJ A-Ut-ulaJI L y*\j~>J\-i L^LLujI i-J^L-uIj A-t^a-tJL^a-iJ.I (_^sl^>JI CjLJ9>L*j <»UVI .Y 

J-lLvj Jjj-k ^J-*-°J A-ailXI j-t£ -il_ail CjIjL,iTl>.^ ^LaHjeJ,! 4-ilaJI (jj-Lai! 4-li-uL-u^I ££jLcU p j aj jl . £ 
. |_3j-^' <>JLa> (jjfl iJL^la (J^= aI Jiitli-ul J>jju»-j uj^-tflj ^'j-* 3 J^^di ' ^ljLjJLII 

(_p3^ajJLI 4 i t ,t\ (JjJLjoj » ji (,-Vitl Jjj^aj CjLjiliU s-S^»- j-JjlaJ (jyic 4 ii I" 1 1 J-f£- -Jlj-U Cj|j Lpa .| CjJlC.L-u Jul! 
ojijj AjLJelmXIj «-Jl l^JIj gllXI (j-a <J^=J JUIj OJS^JI jJ^ftJ 4- ^JJ^-L-u ^bJLj ( iaJllJI jl^JLl (jja 

jL^J^Li 4j^>L>JI cjIjLJIj cjLa^mi j-iisj 4- I '^J^ cjljLpi-VI o'jjt, cjJlcL^ jSj < jl^Xlj cjUtlitl 
. jL^iVI jl>^=3 ,.,;->•; '£- (^JLULi j^iL^ ^JJI ^-. : ^ : M^ : ^ 

(j^a 4jLal^— ila (_Li£. icjji^Eja «.LijJ ajJLlS t 4 ii I" \\ jul£. CjIjL iT l > - zLi L^JL*. (_^-ljJI ,J^=L!ail 4-i^a « i ^i t Ij-tajJ 
Jla jif t(_,^— ijM^-ijt.1 (j^uJ r jtlj ^yjLoj^aJlj ^j^^-ill (j^jlgllj i Lt>.j^JLLj,l ^1 i^-^ij jljll (^Lj^-J^ 
(j i ii^-l Jl (Jjj-ajil ^jj^-VI Cjl^ji>. jj>3 «jbjL>.| a \1 A", , „1 » J"l^— "tl I j*^— • ^i ' (j-i J * a 1 1 jj>s icjj^>iil oJJt, 
4_i15j ^^ 4-aim j^L CjljLpi^VI 4Lj12j (jLa Ijufc (j^J t4-aJlll j-lC. CjljLpi^MJ Sjuiillj Sji^Lflil CjLjTlj.u.U 
.i—ajL^JLI (J^aj-ajil ^1 aL^alUj 4 lil'^&XI ^ji-ljiJI jJA j-tl^aJI ^j a i ^"" 4 «a t^'iVI 2jJmHa 






s aSta _p^aVl o^=Jj J^sis (Crack Hunting) ^j>iJI *-al ,tr<^-.l iifcJtl jJl oljLsiVl ^v^Tt Vj 

JU£. ajU! 4JU* rfUfZi 4- Cr^W J^-La-^ 4-iJjJl!! OO-Aa < 2 jLU 4- 2-J>>->U Ji»JI H^t 4_lJjJ J-4 
: l(ji a (^yj^-ljjJI (j-a JJlC 4- L«L*> IjJ-i CjIjL iT l > -^(I <>Jli4> (-.c t lj (jl (j ^— i qjj £ a I Jiitlijj Z I 

.<lLl l^jlUIj "oUI ^ JLkJI a^Ijj - 1 

.r-LlJ^I (jyig- 4-jJS I jJl I j (j'lj'ii'tlj (J-aJtil c_ t-JL-ut jjjlaj ~ Y 

.(J-oIjJkJI jufc 4_ jjJuJI jl c 4_l*.jjJLLJJj 4_ul_La_L^=Jlj 4_uLjj_ui!l ( _^sIjJkJI (J-"L^9 ~ V 

t_gj fr>Jl I (JL>JI (j-a f-laJI a>->i r-_jj_iaJlj j^lj^foJIj L-uljufaJI JlLa ajUl IL. Sj-l±^=l!I <J1>JI f-laJI (_uL>oj 

«sjUU LgjUj^iH o^^'itlj « U3UUJlj Ciijn^ti {*». Jla « L^ui^ sjUI Luj 4. (Micro Flows) 

liUi Ji=9 « U^j ajjIj^JI L>JUIj jjLJI ^Li J i^ ,V,tl i^jil ol^jAUIj « aJ^IjJI dbl^Vlj 

2jUI L ys\y>- ( _ ;r Li j-uG I J (jj^-»j aJ9 igj $jJ[ I (JLkJI jl 1 o^-> ( 4JLl2.} 4jirtl JjjJo (Jj ^^"£9 <j-"L^' <— l»jlo 

( ?n.^9J ^ jLitl J^ ^L^ . (Macro Flows) jj.^-tti jiiJl 5JU 4. <iia ji^=f l^Ijl^Jj 

*j^>JI ,jj^~~ » ' jl Q^"""* a >3 <U^C.^_a 0j\ * < j Lla a ■ J ^^— '^ )l ^— i_La ^^^al^s* Jl J^i^s^U AjjI^jsJI <L>JL*il CjLlL^C 
CjLILuII ^JJj <jJ *j^-H O-^^J (uJoliall CjLi-llaJI J^-i hi ^Ic Ji^-iVi r«J lil ^,1^ LI^-im. VajiLa 
,J^=lAj SjUU i-^a-uL^a-J,! q^>\^1\ (jr lc oL-lajJI llUj] oL>JI jjJj til! Jl^=j i Li^a-uL^a-La 4-iis jj^i], I 
«.j^>JI *\±\ ^Sjjia (^ic jl ual\ jJjtlll CjIJ (^Jo-ulII <>a AJLi-ljJI CjIjL^^I j-£l*3 1 o^-i £ jjis I j 

Heat treatment ^jij^Ji o>uuil jJifc &* uia a^IjJI obl#».yi Liisj ^,^ : '-'^ : " 

. Cold working jjUl ^ ji^,v,tij 

CjLjtllll jj^a 4 iil"-tJll f-l^j^fl (jyic 4 ii I" U j-t£- CjIjLiTl>-^?I CjLlL^C ^j^a icjj^aja jl 4_J ax /<j_La-t3 4 Jj » i a II (j^aj 

c_oij L$->L> (J_a^Jl ^j*—- - 1 ' ^>-t < iji i "L-ij 4j al aj a Jjj-Laj ^>-l ^J J /^Ti-La £ya i a Li *- i < i^a-LtJl ^2 lLUJij . jl^ilj 

/<sjjej>JIj J^— i i"itl i^P" (j-« 2^m (j^ajl i^t-w. JlLa «^jlil (_i-L t JI jl 4 l^-i ("it, I «_a jL iT l > - zl 4^jjla j^'j^ u' 
jjl 2(| ; <Sj_iIuLl>s \ if (jl^^-^il p laji a 4- .jj^—*" Cj LaaJuu, I (jl /«-«_5 t ycJa-MiJI ' '^'-^ '"'"^ « J * i •••»" 1 1 4^j^l3j 
.4_l3 4^ajLa-"i) nU (_^jJLj/ ^(lj r-LlJ^I ^J-^r 1 l 3 ^ * " ^ ^^i 4_uLjiaj CjLj/IjjJ 1 rr i V-> ^$j->^ 4 ii I" U J-fg- CjIjL iT l > - zl 
4^&-uJj <rLljyi a-i^jj. '^Ljj ^LALalt ijuLsol S^.^".;^-. jl r.^Vlj gjSulalJl (.^JLj/i Oj^LaJ 2jji-^l ajlAJI IL.J 

^4>j t 4-aJbim pl^J^I (j-a ixaJLtll CjIjulI,Ij *j j^VI >l JLsr'inil (-J Lalj Ijrijri^- Lj i hJuA ^M <f jLiTl>-VI grjir->| 






(_(-d L-u I (_yic.l J] lO ' ^ Q^Se-aJI ' LAjLiTl>-Ij Ci Lb-til jLll>.I 3^"^ O"" '*^ Lj (— t-uLi-uVI j " J '"' ^~~* ' I (J 'I ' ^* > " ' 
.A^Jlil j-lL CjIjL,iTl>-^?I (—i-JL-ui iL. ^3jLJeTLL.u.U J-lUcTlII 3>^j 

IJl^j <_LaL»JI JjLSj ^pJI CjLjt i^itl Jl>-I (j^~>tj </<JL»Jlj «>p*-!1 ^ 'kj^ ^^ iallU j^£ CjIjLl1>.VI jl 

■ J 3 ' 7F-sLiill (j! (_£l 2j_iI/l_La ^)_t£. CjLu.a-tJ 4.^-lli /y<k ' j^ (J J ' a *" r^"- 1 L3-"' TC-lLiill p IaJi a (jl jLiTl>- 2t I 
r-l'i" i n2 ajl_g_aj (_*jjJj ^J\ r-Liso (j^ifcj ' «L?tjLjJ (JjJLjoj j Lpa . 21 i2jj_Laj (JJLtJJ 4j2jj_Laj j Lpj .1 <J^= 
aj-pJI (>^=lIj Sla-LmJ jLiTl^I CjLJUc jls *J9l_a]1 4-J 'jLlI^^I £jLlJ *_a c_c^Luj ^1 Ajj-uLlU CjIjIj-UI 

.wljLIIII j->j2~i} I Jl>- (j\^a\-& (j-uLaLc (_jjjJuJlj 
t^ La 4-ailll j-t£ CjIjLiTl^I flajf j-aj 

Visual Inspection ^j^Jl^^^LijLa^Vl - ^ 

Penetrant Inspection jsij^i jpiw jLpiJ - r 

Leak Test m>^i jLp^i - f 

Thermal Test ^j'j^' j^L jLp^vi - £ 

Magnetic Particale Test Lu^Liai jsLsjJL. jLpi^l - o 

Radiography i*a% oljLp^VI - i 

Ultrasonic Test Lu^^lj^objjUbjLpi^l - v 

Eddy current Test ^aijjJi oIjLlUL, jLp^vi - a 

Microwave Test I j^. s ^.^st i oU^jlLj jLo^^i - <\ 

..ilj-aJL! 4 ii I" U jul£. CjIjL iT l > - 2 1 j_a O^LuaJI jL iT l -w ! (jjj-k (J 1 ^ V J- p - * ^ ' f >^~ > 

Type of defects uy*!\ i\p\ 

: <Lu VI CjLtjJi^m ^J\ L^al (""i^aLi <LaJoJl I j-t£. cjlj Lpj . 2 1 aj-Sj <jP-!I *_ i_a-L«JI pj i o2j j^-i <ij 

Inherent Defects u^Lia^,^ 

. f UJI sjUU JjVI £liVI oLJLiii ^1 iliLUI ^j 
Processing defects gji.^tl c-^ 
.t Artl jl ili^riU! «.j^ £^^ o±\X\ *j ' • ~~ cjLJUc *Luf LsoLlII ^^aj 

Service defects jjj.v.ti c_ij^i 

:4jjVI JI^-imiVI Jl^I JLiejj j| (j^-»«lj V^rH 1 ^' "J^J 






ji c^>J Uj Lp-u,..ti Cracks £j>AJI —\ 

Porosity a^lui - r 

Tears 3>ui - r 

Lack of bond Jaj!>ui ( c>a ^)< ^^ - £ 

Inclusions aJ^IjJI <^a\^j\ - o 

*i_uf ;*=-iH,,.H AjjUj^-iti j-^luii ^axj j iua^ i 4j .t.^aj j Segregation ji>:vi - i 

. ilSLuJI aJUJI ^ Uj^>J 

Lack of penetration in welding ^ujji a. j;i;-,ti aJS - v 

.4JjL_J1 aJUkJI (j-a jLqjylU (0-l.oaJI Ji-1.5 £J-<JJ 4_uajj^?l Cj|_a^a]| - A 

Fatigue Defects c_^ui jl ji^=ji c-^ - <v 

Jla^o *Lul jLc. Igl-^b 4- u-*^ ol^^ta o*- 'J^- (jr^J BlOW Holes ajjLc. ol^ta - ^ * 

. <W1 

. Flakes ajjjj^ji jI^LI 4. sj^IjJI jy^Ji - \ \ 

pitting j2X\- )V 

Laps ^=\j^\ - \r 

Visual Inspection (ij^ljasuJbjLa^VI 

«L>|jj>.l <LC^_i_uj ** J j ' " Lg-jj ui <LiL±il ^>-t£. CjijLiTl>. z I j"'^~~ »l (j-a ijQ i-a-iJ I ^j-" - *- aJI ) jLiTl>- z I ^_£L*-i 

oLa^mi ^^ Jj.^^-tl 4JL^=uoLj jLa UL>J a-JLc 2j-p- 4J (_^aieu!o (j-ajs^ lil }L°Ua < L&tlg. "£>»►! 

: 4JLUI 
.Cj Jl>-j (jl ?-j^ Mill (jL^auaj <>L>Jlj ( 4-iae.La ■ uJI 7-jj mi II -S^»-J j» J^C jl -Jj*-J 

surface porosity Lp-u,„ti JLwLJti 
unfilled crater ^k^j^. ^ 

■- la 1 •■ II (j^a AjJjJUI Li ■ ■•*— » » I jj) cofl ^j^a <L>ijLdl < >-)lj) i iill -i^>-_5_J aLxJjI (JJuJu jl jJLa 

sharp notch j>l»J! ^pji Jla £y>.\ ^^-mi^-M* ^^^ j^j 

SanQ J^ajJL) •* a ■ qJI d)LJ aX ila_i_ul_aJ LbjLpi-l (_|j^ '^^R* *-4*^l ' <"aJj lQ ' a .' ^ (j^^tAll *lj^-^/j 

^ ^^l c_^^o cy3 rU,..ti fjo^Jl jl ^_^ - u^ jl shot blasting lJsJ^Li ^,,,tl 3 ] blasting 






oy*il> i^. ,;,,*■** lipa « phototubes *j^l c_^uLil jl « photocells *j^il L>u. Jia s^Lb^u 

. (j-nJJ 4 j^-i j ml? I ijj) LtaJI (jyic. J-iy lt J 1-Ajjj^— hj (jLs Sj-iluL^a 

2jjj^> tjryj! ^jjj <ajJjJI Ajjij j|jij3 t-ap i aa (jrytJl ^Ul converging lens Lt«^a a-^jlc cx*^ lilj 
4_4*JI ujj contrast ^LoJl ^j-jj <s*Li)M 4^.j_> ^ (_jjj*JI ajJj ^1^*1 jl^ujj ((o^o^i! Sj ,^-» a 

. Background ^iMij 

(ij^idJi 3>*i'i t^i^t j.^aiti 3>*i' j^i 
Luminex penetrant & developer and fluorescent testing methods 

jLglaJ jJt, LgJLa i_3Jt-JI (jl i-t-^P" ^j i«ajJI jLiTl>-^?I 3j-^ IjljCLal ^j uaj\ j-giaJi I j J^pitiL) Cj I j Lla. V I j-p-*3 
tlUJL^=j (j-iL*Jtl <J^=^ 4_2jj_k]1 fljufc aIjlsbjj-uI (jl^-iaVI 4-i <A-Ll«J1 4- Sjja.^i.l 4_p-t-),„tl t-Jft-ULJI 

.<LuaL_uJU j^£. i d-u i h^LjJIj di-ual^j ) nit 

j j IaJ (jl ■» j t-»" ' "" z L^j I I g-UJLJa I j" ^'^— ■" ^y^>.jj I j^'** _}LaTiC z I j j"'^ J ' "J J J j ' " ' d ^ 'J ^ 0_U& ^-uyijj 

aLsJJI ?-_aj_<lu iaj_ta 4JLj_LaJI oJJti .aljiitL-uL) (j ^— i QJJ .tt in i uJI (j^a «Jl1«-I,I Jl 4 j-rU i a] I ?-j)j_ilJI i^J-*-" 

CjLaLtUI £_ (jl . -V.tVI >JlCJ 4-ual i nUj u-SJ-2jJIj AjjLiJI CjIjjsjUIj t ( _i < --» ! I J (jSil ^-i*iVlj c-cClIIj 7l_JL*jJIj 

■ g i T Li- o -U (jr »-jL>JI 7t Vi i ntl ^J\ 4j>-j"i ii a ujojjiJI tfjak duL^= I jl <<_JljJitlj Jj^— i t"il?l CjIjjI eja-LCj 

CjI_Ll«JI jj^ i 
i I > L<aJlj *}liaJlj aj^t miIIj ?-Lj/jzl (j-a ga-L>.j jLiTl>-^?I «.JlJ ,Jj^ LaLaJ L^jlaj AJjjlII ?e-La-m jj^— j jl i_cjvj 

.r-_jj_iIuJI (jitJ ^ jlj-a (_£l jl 

vapor degreasing jUtJL. ^^^Ai\ u\$ J\ « jLkJl ,u;.\» jl . ^hn JSL^ ^u,..ti < jJajj ^ 

. Acid etching ^a^ujLi ^w^ji jl 

£jj_£j| jiiu V (_^ »u..,V| i ?Mkn 4- sand blasting J^jJLi ^luJI iijjia ^ijLie^ul ^j^ u>jj 

ljufc jL^Lij t Capillaries aj^^ji 4_a^yji aU,„\^ ^t — tt ^j , LtibuJi juu ^j><iJi <j-a JjL^ji 









f~3J '""^ 4£j-*-a 



IJl-Jj <r-_jj_iiJI jj^aLai j j LaJ (jLiTl>-^?I aJL^Is i_3}lji>.l_) I aJL>«J Jjj-^) iffi ' "tl 
: (jr 4i J^pjaJU j Lpa »l ^_ ^ajiir" mil Jjj-ka-^ (*-*' 0-°J 

oil and whiting method o^W^'j ^^j- 11 ^^ " ^ 

dye method Hu*i\ Uj^ - r 

fluorescent method isj^' jj utl ^^ " T 

radio-active method aj^ui jspiai ji_$Jti I2j>l - t 



oil and whiting method jaLullj ujjJI 2&>b 



(^^LuJL) (Jj^-I 2j-« 7T U I lltl (jjkjL 



9 ? Ijl 



. 7r U i ntl i rt fc m /<u iTrhi ntl (j-a SjilaJU u-S_a-L»JI 



(_p3LuJI J I T-jj Mitl (j^a (JjI i ntl 7rj^>J 2>*^ JtAJJ ((Jjj^^aJLl iLsjiita ji 4^L>- Lai (pj^ 1 ■■tl^— tl CjLJ_oJj^=) 

.?-jj_iIuJI (jl^-i a J-* £-^J-t' (jl^—i a jij^-ij'q i 4jl2jjj 





(I)- 



JlSj i ?-jj_ilJI (j-a r-jjJ»JI (jyic <-^J>^ 3j-^' JlC.1 i iut 4 ii->j l(jjlf Jjj-Wi ^-4 ! -*J' J'^ cP 3 ^-^' i— sLi>- ^«JJ 
(^yic (_UiAJ (j-La- 1 n"itl (jl Jl iaLiis^L) I jufc ( «d>.j)jJ (jlal aj<j|j ^ -> La ■ •■ ! I tfJtJu ii2J ^j^a-l ' ntl CjJjJI aJlJt'ii uJ 

dye method u.^tl i2j>L 






.«Ll I j -"-J J I Jj^p^til 4- **-^H"' Q " ** * ' 

■ (jlil o 7>\\ jl ^jUritl ^j^a 4j<_La3 aI JiitL-uL) i_ajia-uJI 4jl of JijLlJ ij\j^ ~ V 
Jla »J-i_aJ *^J-* cr^ 1 J' <_Aj J' LpL"-" *^J-* (jr^ 1 UJ^~ I J l5^' (j(jktl) l£-jIL> <_>ij3 jf A-4*JI jj-AJiJ ~~ i 

. talc Liuui 

4_u^L>JL) ?TJ^*<J <_jJ-I' (jj^^-^e-U 2jLa-l j-^iaJL I JjjJ Lojtlc 4-LlaJI '£— aJi^s-jJll uj^-l»JIj 7-o [ jJm1\ j j laJ I Jl^jJ 
.AJjJLo (jIsLLo J^-i i"i ^_ uj^_l»JI j(jl^lj ( 4->-l i>ijj (J-J-i-u 1 o^—i 4jj t i"itl 

fluorescent method isj,^' jd MI ^2>k 

(juiiJb aJUj«ji i^j^ij i (^PsbJli 4- *jjI J Fluorescent 4jj^is jlj-a iSj^iaJi oIl* 4- ^j-^luZ 

jijii (> <u^ ^ ^j^j yjAJi jiljJLl rthtfl jl ^>Wi ' Ultraviolet 4- Rr ,„^;,ti j^ jjuiVl 

. Zjua Z 1 Vi 7t\ "sj^lo 2— eJ^-LtJI j (jtVij £ ^Jj^pj (jj/Lj/l LJ 4-ajLa-"i i nt,l -iljJU QJ^~~ '"' <-lU jjj i 4j^_jiAJI 

«jua jL^itjj U-jj-bjj icj.^ jii^nl 3!>^^' J*^ ; j 6 ^ a s- 3 '- W-^- J q «" '■"" (_P-Il (Zyglo pentrex) 

4JL>- ^_ |_^pitil «.Laj (j-aj (0.1) (JjJl>- O^JJ ' h J 3rH ( ^' (* u ? : - : *" fj- 1 (jr^-J 4-LL t JI 2jLa f-jj (jyic ,_^pitil *Laj 









o^=>^^d3 (iP^i tilP^ 1 <>0 : (6.1) Jj^ 


(a^j^ji) 3!>^^l <>0 


-oUI 


o- ^0 


( 'j"^a Aa-U^ajj| 


r- 


(j iij^— iJU (J^-— i i"i.a ,^a_u^_a^J I 


r« 


Aj^tla j^-ila^J I 


^0 


^^_ f3 _^ 


r« 


(j iij^— itLi J^— i i"ia Aa-u_u-LLa 


r« 


a jj^JLa f^Ji ' " '* a 


r- 


^^t^J,^^ 


V 


(j oi^sJLj J^— > ifu^a 1 Ju^jJJ (JjLJ9 j_i£. (_JLa 


V 


ajj^JLo I J i^ill (JjLS j_t£. (_JLa 


^ • 


< 'j"^" ^_ij_j_d 1 j ^jj/ Lj*-d 1 


r« 


(j iij^— i tLi J^— i i"ia j-ij^lj (jj/Lx-LlI 


^0 


AftjeLa ^_lj_j_u 1 J ^jj/ L*_d 1 



Radio Active Method i*AX\ sap**' J^ll is^ 

I rt ti i J /<u £ ?-j)j_<lu]l SjUtl JJUtjJ (jy^>- <— sL^= 'lit iM ( _pajju /<u 4 t ifoXI SjLil ^_ AJjjlII j-aJu jL iT l > - zl I Jl4> ^_ 
Jjjps ^^C J I ^_|j_C._aJ^ajl J lajLalll I *\ JlJt" i uLl < 1^-LtJl jj^sLal (j-L*3j ( «Jlj|JjI ajLil £ya 4jul3u\ ■kj^jlu 






Low flash ^L^kia ^^j ik^ y ^ji-ij « Volatile s^LLi* ot^m ^^ - 1 

■jLiTl^VI jl^-t aJ^s- 4J^gJ fO^J '^ ' L<"L»- c3>^eJ,l (>« Ct.«jrll jLsbjJI jj^-.' ^3 pOlllt 

CjljLoJ9 (J-ojJ (»j-Lj LlUJJ £ e j mi j 1 1 g -— l^ T l! 1 j J 1 n a J^)"'*' o*= aJlJt" i hU OjJ-JI (jjjL-ul (j_9^~~ »J JJ9 ~ Y 

MAGNAFLUX INSPECTION ^Htf! JL^X b jaaill uljL^I 

<UJ all I jjJl^jj 1 i>ijl (j^~» <1J 4-JI 1 o^-i .(—tjlj^faJlj ?-jj_ilJI JjlaLLa £_ »_aje li j CjIjJJI lIUj (j) J^li l^jlf 

: dji,,jl-»ii«tl I £• i i A * ^ ^jjjL-o) ( _ T l£- j'_j-1' p j i •■ 23 jji ^- — ' q ' 

. ^.j^Vlj ^\^= PARAMAGNETIC u^LLcjuIjL ^ ( I 

. ^1^1^= DIAMAGNETIC 4j,.,nUI;; fl Lb ^ ( ^ 

. cJL^Jlj J^Jlj a,j^JL^= FERROMAGNETIC Sjjljjl* ^ ( s 



UpUUiuul 

aJl£. ( _ ;r Ll Jj'iinj d^p. 4j*IiU » La2JI (j^iJLso (jl a <>it ^yll ii^itl rljj^l <4- 4-dJ>kaJI oJu*> AjLsr'mn 

■jLiTl>-VI jLga- (jr^- W^W^ > j^~' 1.' Ct-^' ^Ji-intillHI AjJLalU IL. i_3^Ll>.VLi i_)j-Ul!I -Sa^J jl (joiJLfclJI 

CjLLl a JI qC AJ^u-xja cAljf. jL iT l > -I Jtlc 4_ul_ij^^= CjLjJ, »1 i>i"< jl jl^^tl 4-ifuLfu (jyic. CjL»-j^a j(jtVi C^p. 

4 <LJ3 '> 4_iJ9lj_a CcJVJ r-LiJ^I jj^~~ •_' lLUJljj La>.al t j"i i u| ^j ^— a .t£ 4 pjl 1 nil 

(^uudaLuttl Jbjt b £j>£JI uljLa£l jl#- 

JLsJkl IL. d-L^a-LLal-Lt-U ijj2l\ ilsa-taj. umj. J^ 1 — muJ L^JLs ilaJLLava i_ 1 .uJaJa <Ja^- JjJi->JI »->Ij_) C < uij Ijl 

IjL^ ( ■ Ml^fllt (^yJ J -L ^ JI ( _l V> 7) 1 1 J ^1 <1 Mill ( . lUilll (J^^- Sj"^— Lj x_«jjejj L4JI I 0^— ) .1 . m i^iiill ^ 1 njViLliJLl 

( . iLa-fl «d 4jI JlJ J ii" 1 n a (j njVil li a^ <J-«-*J ( ■ m <>ifltl ^jj- ^j-a <J^= (jL^ ?-j-^ J I < ; m ua2J\ £— j_<_u^= Jp-J 

^m jU^tl (Jjj>. «_a^tli L#JLa JljJu>JI 2jIj_i c< mijI Jl£ 4_A*_tiai,l i . «1 U^WL j^^j.a.cuj ^^.c*. <_J^9j ^1 <ni 

.(j- U - t - i i y j-U (2yi j Vi rt 1 1 lLUJl^sj ^ j -i a JIj (^Lj-ifoJI 

tiiljJ 5-=tjjJ jj^~~ '"'"' <_t-^' 4_Lt.iiy jX I ejLLaJS^I (jLa ^jp- jl aLj Tj-ii LLa-LLa^a *> i n-*. £_ Jl>-j Ijl IJwJj 

■r-j Mill j I j im^tJI *-i^J-a £>£. ' ^mi^-ij i^JJI J-«^l LjJ-^ J»JJ^>JI t^jlji QJ^~ '" 4r S- 1 -.'-'-"-" 

: JjJl>JI «jl>J ^-2j>^ CjLa|jLJel<j<l 

X£— a"si\j\^\\ aJJb aJlJcTljjjJ 
.LjjIj_». (JJulII ^JLaLta ^^a jl Jjt ("utl CjLI or (j^a jl 2jlj^>JI (j-a AjsoLlII ?-jj_ilJI £y£. i h mi^— iJI 
f . t . . — T1 Jl r * ^ l 0j .,„ Vj jvl.tl J\l^ j^ S r 1l;tl ^ .^.tl j^ i a^j^aJI 

.aLxIII 7-jj-uj ijLu 

■ 4-lL-wIjJI ^Utill uj^a-ul La-u-u ^? CjLLljJI gJa^u Ccjvj c-Ja-uJIj 4_JL>-ljJI C:l_aj!tAJI i^jjL-a 
Jl>-Ijj jj^aLal L$j| Lg-La (j-taj JjJlJ>JI 2jlj_l ClLt-aAJ ^j^a icjL>JI j-ibllim ^j^*,' i^j^IaJI ojuk (jyiajLJ Jl^j 
^>- LLa j-L tl l jl IJa-a i_ 3j->- jl 4j»l2 (J^a^- 2jlj-<JI ^^s\jli} Aj*_uj x^IjJI ^_ (jj^~»"< J^ l(j i^—i tj t-jj-uj 
ij\ usH\ 4 La2J Jtlc jl 4jjjejJI jt^— • a i^_ (^yj^.jli'. ^ i njViLLt.a (Jl-3=ja J^>-jJ jl 2j-uitil 4-LLtJI fr I La 2 ! 









j_a,|^aJ| dJj3 2Li|j_a ( 



.CIRCULAR FIELD ^sui JU4I aJl> fl 
LONGITUDINAL ^^kJl juai i^> f . 



FIELD 






4 lil'o jul£. CjIjL iT l > -I 
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